
^ ^ Roua! ttelforologieal SorMu 

A wonder that has been rented millions upon millions of times since Earth first acquired an atmosphere» and one that has puzzled 
man froni the earliest ^es, is that of the rainbow (lower picture). How sunlight is refracted and reflected by raindrops to produce this 
floured band of light is explained in page 20. Double bows like those illustrated here are seen only when the sunlight is very strong. 
By the same principles of refraction and reflection, ice crystals or particles of dust in the upper air cause the solar halo (upper picture), 
FRONTispiL'CE V I * whitish or faintly coloured ring at some distance round the sun 
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INTRODUCTION 

T his b<M>k de.scribL's in w<)rd :ind pii'turc the world of wonder in whieh we live and the universe 
of which our w'orld i\ a tiny part. 11 has been so planned that by means of simple descrip- 
tion and explanatory drawing it makes clear a va.s1 variety •»! thing's that mi^ht frtherw’ise 
veem too ditlicult to understand. It explains the why and wherefore of such familiar phenomena 
as the thiinderstonn, the rainlviw, the daily tides at the seaside, the greasy rinp round the M<Krti, 
llie reiriilar succession ot day and niv;iil, the proce.s.sion of the seas«»ns, and a th»»usand other 
things that are known to all but underst<K»<.t by few. 

It explains how man has tamed the ptnversol nature, and h(»w the many marvellous machines 
which he has invented are made to work. I'rtHU the simple lever and screw anti w'heel we are 
leil on tf>such complicated tlevices as a modern printinjj press, a turbine ste.imer. a Die.sel emiine, 
.(11 atomic pile, a radar transmitter and receiver, and a jet-propelled airliner, and are shown their 
opor.ilitHis in such a way that we are able to understand e.vactly how they work. 

We see by means (»t photoirraph and explanatory draw'iiiK the marvels ol the plant and animal 
world, the w(»nders ot lertili.salion and reproduction, with the miracle of life and its activities, 
the working' ol the muscles and nerves and blood vessels, and the complicated (»peratitH)s ot 
Mt'ht and hearing: and taste and smell and touch. 

The marvels of ijeoijraphy and t,v<*l<»>?y are explained in new and strikinii: ways, and such 
mysteries as how' the Sun keej's Niajiara Falls tlowinir. what causes the eartliLjuake and the 
volc.mic erupti(»n, w'hy some beaches are sandy and others sliint^ly, why the wind is .sometimes 
.1 Irieiid and .sometimes a toe, and other similar problems, are all made simple and inlelliijible 
to the leadei who may know nothint' at all about science. 

lint the bo(»k h.is been planned to do more than e.xplain the lamiliar. It helps us by simile 
.ind picluie to undei-sland those .straiiKe my.stcries of modem science which have (Hily become 
kiamn during the past lew years and have chanti^ed the w'hole outl(M>k of scholars. Ditlicult 
thinj.rs like Mendelism. Relativity, the structure (»f the atom, the mysteries of time and space, 
.ind the conception »*f the .stars and nebulae, are all explained in such a w.iy that any intellii^ent 
bo\ or irirl can have some idea ol what they mean. 

.Scmnd bn»adc.islin'4, televisam, the talkinq cinema, and the uramophone are now common- 
places ol out lives. Hut how' many ol us know exactly the way in which these lhini!;s work .' 
How iloes r.idio brin.u the broadcast concert or the pictures of a queen’s coronation to our home .' 
How is the .gramophone lecord made and the .sound reproduced in a UMim ? This b(M>k. by its 
woiidertul and caietully woiked out picture dia|i;rains. makes such matters .simple and clear to all. 

11 is the lematkable series ol e.xplanatory draw'inj^s by Mr. L. G. (jiMtdwin that makes the 
book the unique work it is. No othei artist has such a facility in explaininu; the ditlicult and the 
complicaled. and lor several years Mr. Gtxtdwin worked exclusively in preparinfj drawin.ijs lor 
this b(Mik. His work speaks for itself. The most intricate ^iperations and activities of man and 
nature are. by Hie picture diaiframs, made clear and understandable. 

But the bo(»k is not only a work of pcjpular science : it tells, in absorbinfi narrative lomi, the 
st<try ot Briti.sh life and history, and we .see, pa.ssinu vividly across the sla.ije ot time, such notable 
iHjuies as William the Ginqiieror, Richard the Lion-lle:irtecl, William Shakespeare, Sir Francis 
Drake, (Jiiy Fawkes, Bonnie I’rince Charlie, and scores of others, who all played a prominent 

n'lrt ill llii* iii lll’i* 

The ureal inde.x at the end ot the bo«»k helps us to find quickly anything w'C want to know', 
and an elaNirate system of cross-relerence in the index and llmmshout the b<K)k links up the 
ditleient ch.ipters and pictures dealin.i; with allied .subjects. The biMik is intended to bring 
the whole universe w’ilhin the understandin.g of every b()y and girl. 


Chakii.s Kay. 




Marvels oF Machinery 



THE VERY FIRST OF ALL MACHINES 

The simplest of all machines is the lever, and it was probably the one that man invented first. Without the 
lever we should practically be at a standstill, for in various forms it comes into most of the machinery that 
wc use, whether the machine be a simple apparatus such as a door-key, or a pair of scissors, or whether it be 
a complicated machine such as is used for printing this book Here we read about the different kinds of levers 


C OMPARED With iiKiny fminials, 
such as the elephant, lh<' iiorse, 
the ox. the goiillii, the lion iiiitl 
tlu'tigei, man is a \ i \y weak creature. 
Imi wliat h«‘ lacks in physical stieiigth 
lie inakt's up in mental ability. 

M.in is the only animal m the world 
that makes a tool to assist him m his 
w'orlv Starting fiom the very simplest 
form ot tool hti has ihivelopenl the idea 
till lunv lu‘ makes the most conijilicated 
inachiiu‘s which an* ]>raetically robots, 
or mei’haiiical mtui. and once set going 
(.lo the woik«»l many men with sc^ircely 
any human attention at all. 

Wi' an' staggen'd wdien w’e s(‘<^ the 
.ilmosl uncanny operations of sav, a 
printing machine or a bool- 
inaking machine; yc't the 
beginning‘s <»f machinery 
weie simple in the ex‘ 
ir<*me. 

The First Machine 


Probably I be vt'ry tiist 
inachiiie or to(.l that a man 
ever used was the h‘\t‘i 
Something had lobe moved, 
a big stoin*. pel baps, shilled 
out of the way, and this 
stoni‘ was too heavy loi the 
man to move. In some 
moment ot inspiration ot 
t>y a lucky eliame lie took 
the biiLigh of a trc'e and 
placing It imdei the stcnie 
prised it along till lieinovetl 
It Irom his path. Without 
knowing it, lliis prehistoiie 
man had invented lht^ first 
machine. He had dis 
covered the principle of the 
level . 

We must remeinbei lliat 
w'hile much of tlie machin- 
ery used to-day is veiy 
complicated in design, a 
machiiKi can leally be cx 
ceediiigly simple, tor all 
the term nu'aiis is a device 
to lighten the labour of 
man, or something to give 
him more eliicieiicy in his 
work. 

The lever is iherefoie 
really a machine. It con- 
sists of a rigid hkI or bar 
n'sting on a fixed point or 
edge, and capable, of turning 
lrc(‘ly about that point. 

The bar may be straight 
or curved , and t he principle 
on which the lever works is 
ipiite easy to understand. 


Ia*t us think of a balance or a pair 
ot scales III its .simple lorm we have 
an arm resting on a pivot, and at the 
end of <‘ach arm is a ])aii. The arm 
being suppoiied in the middle, and the 
])ans l)emi> (»f etpuil weight, the whole 
thing b.iUinces jH'itectlv. 

Now w'ti put some (»b)ect to be 
weighed in <me pan, say, a packet f»f 
sugar. The loice t»f gravity pulls this 
ilowii, but by putting lli<‘ lu'iessary 
weights ill the othei pan we can make 
the arm of the balaiiee once again 
hoiizontal. In each p,in then‘ is a 
weight, m one case a |X)imd ol sug.ii, m 
th(‘ other case a pound of metal. Tlu^se 
acted upon by gravity become forces 



A BOY MOVES THE WORLD 

Archimedes once said ‘ ‘ Give me a lever lonv. enough and a prop strong 
enough and with my own weight I will lift the world.*' In theory it is true 
that even a boy could lilt the world in this way. though actually he would 
have to move with the speed of a cannon ball for millions of years to alter 
the Earth's position by a fraction of an inch. 


pressing dow’ii llic balance on each 
side. When the forces are not exactly 
e«|ual out; siile or the other tips dow'ti. 
aiul the fit her sule tips up. The 
balance is a lever, 'fhe pivot on which 
the arm is supported is called the ful- 
crum, a word which simply means a 
siijiport. 

Now let us look at another simple 
lorm c)f lever. Take a childien’s see- 
Sf'iw'. A plank rests on a post or log or 
stone, and th(* place where it is sup- 
ported is the fulcrum. C'hildi'eii sit at 
each end and by al1einate>y giving the 
groniid a push wuth tlu'ir feet send the 
ends lip and down in their turn. It 
the children are ol ecjiial weight the 
plank, like the arm of the 
scale, has to lie supported 
in the middle, but it one 
cliild IS heavier than the 
other, thtui tlu* plank must 
be pushed along so that 
the (‘ml on which the 
lighter child sits is fai'ther 
Iroiii the fiilenim than the 
t*nd on which the heavier 
cliild rc'sts. 

Man’s Friend 

This helps us to under- 
stand the value of the lever 
as a maclimc lor lightening 
the work ol man. The real 
principle of the lever is tiiis : 
that a small force acting 
on a long arm can balance 
a much larger force or 
w(ught acting on a short 
arm. 

Ill referring lo a lever 
we gimerally speak of the 
lotci^ exert (‘d at one end 
of the arm as “ the power," 
and tJi(; IxkIv lilted or the 
i(.*sistance olferod at tin; 
other cnid as " the weight." 
There are thus in every 
lever, whatever its form, the 
three parts — the iiower, the 
w(Mght, and the fulcrum. 

In many levers, such as 
the ha lance and thesei‘-saw', 
the power or force exerted 
IS at one end. the weight or 
resistance at the other end, 
and the fulcrum in the 
middle. This applies to 
single levers such as the 
see-saw. or double levers 
such as the pincers and 
scis-sors. and all hivers in 
which the three parts are 
in this order are knowm as 
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MARVELS OF MACHINERY 


levors of the first class, type or order. 

P»ut sonielirnes the fulcrum is at 
one end anrl Ihe or resistance 

in the middle, when the p(j\ver is 
necessarily at ihe other end ot the 
arm. In such a case we descrihe the 
lever as a lever of the second order. 
We get examples <if this in a wheel - 
harrow, the whetil Ix^ing the fulcrum, 
I he harrow the weight, and Ihe man’s 


arms pushing it the power. We get 
it also in the case of rowing, the oar- 
blade in the water l>eing the fulcrum, 
the 1>oat with all that is in it 
the w(;ight, and the man’s hand 
pulling the handle of the oar the power. 
In nutcrackers we have an example of 
a double lever. 

liut there is still another kind ol 
lever, known as a lever of the third 


order, in this the fulcrum is still at the 
end, but the weight is at the other 
end and the power in the middle. The 
human arm is an example of this. The 
hand holding something is the weight, 
the elbow joint is the fulcrum, and the 
muscle attached to the radius lione is 
the power. 

It is interesting to note that in carry- 
ing out an operation with a lever w'e 



LEVERS OF THE FIRST ORDER. IN WHICH THE FULCRUM IS BETWEEN THE WEIGHT AND THE POWER MOVING IT 



EXAMPLES OF LEVERS OF THE SECOND ORDER. WHERE THE WEIGHT IS BETWEEN THE FULCRUM AND THE POWER 



LEVERS OF THE THIRD ORDER, WHERE THE POWER IS BETWEEN THE FULCRUM AND THE WEIGHT 
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^AJ?K£LS OF MACHINERY 



This huge mechanical shovel is a remarkable example of how 
the principle of the lever is used in industry. The shovel itself is 
a lever of the third order, the lever which the man is holding is 
one of the second order, while the steel cables passing over the 
pulleys at the top of the arm form a lever of the 5rst order. 


sometimes change the same 
apparatus from a lever of one 
order to that of another. Foi 
instance, a man wants to raise 
a ladder from the ground 
against a wall or stone ; the 
wall or stone becomes the 
fulcrum, the ladder itself is the 
weight as well as the arm, and 
the man's hands are the power. 

When the man begins to raise 
the ladder he takes hold of the 
end, and in that ca.se the weight 
is all between the fulcrum and 
the power, so that the lever is 
one of the second order. But 
when, after a time, the man 
works his hands down £o that 
the bulk of the ladder is above 
his hands, then we have a 
lever of the third order, for 
the man's hands or power are 
between the fulcrum and the 
upper end of the ladder, which 
is the weight. 

All orders ot lever may be 
single, double, l)ent, or curved. 

It is interest ing, knowing the 
principle of the lever, to think 
out examples in every-day life 
where it is used. Without the 
lever, indeed, we could have no 
iiiachinery. It is used in the 
railway engine, the motor-car, 
the moving bridge, the mech- 
anical excavator, the printing 
machine, the sewing machine, 
the crane, the mechanical digger, 
and a thousand other devices which 
make our civilisation what it is. 

As we read in another part of this 
(X)()k, the crank and axle and the pulley, 
so valuable as aids to man in doing 
his w'ork, are only forms of the lever. 


The great value of the lever is that 
by its aid a small force is able to over- 
come a very great resi.stance, and a 
light body inov'e a very heavy weight. 

We must remember that a' machine 
Cournot do any work of itself. All it 


can do is to transmit the work 
that is put into it. This seems 
puzzling at first thought, for 
when you see a small boy 
moving a very heavy stone witii 
a long crowbar it looks as 
though the machine itself were 
doing more work than tlie lx>y 
is putting into it. He could not 
lift the heavy stone by himself, 
and yet he can do it with the 
aid of the crowbar. 

The principle of the lever is 
expressed in this way : that the 
forces on one side of the ful- 
crum, multiplied by its distance 
from the fulcrum is equal to 
the force on the other side, 
multiplied by its distance from 
the tulcruni. Therefore, if a 
boy weighing 100 lb. takes a 
crow bar six feet long he can. 
if he has his fulcrum one foot 
from the end. move a stone 
weighing 500 lb. or thcre- 
alxmts. Of course, a certain 
amount of power is lost by 
friction. 

In a sec-saw a man sitting 
close to the fulcrum does not 
go up and down very much, 
but a child balanced at the 
other end of the beam, far 
from the fulcrum, will go up 
and down much faster and 
farther than the man. Thus, if 
a man weighing 140 lb. sits 
4 ft. from the fulcrum, he 
can balance a child weighing 70 lb. 
sitting 8 ft. from the fulcrum, and 
make that child go up and down 
through a considerable distance and 
at a very much faster rate than he 
himself is moving. 


THE SECRET OF THE FREE 
WHEEL 

A i.i. cyclists know the advantage ol 
having a free wheel, but there are 
many people who do not under- 
stand exactly how this device works. The 
picture here will show the jirincipic? of the 
tree wheel, which i.s always attiiclied to 
the hack or driving wheel c^f a bicycle. 
In the picture the free wheel is shown as if 
the bicycle were moving to the right. 



The inside of a free wheel 


Attached to the hub ot the free wheel 
IS a ratchet whecd round which turns the 
chain wheel. Belw(*cn the chain wheel 
.niid the ratchet wht;cl arc a number of 
cre.s('.cnt-slia(.>ed pawls moving loosely in 
sc'ini'circular grcx.)ves. 

When the pedals are turned to propel 
the cycle three of the six pawls engage 
with notches and pmjections in the 
ratchet wheel, and are there held in |K)si- 
lion by the chain wheel pressing' on them. 

Meanwhile the other three pawls are 
pressed up into their grooves, and so do 
not engage with the projections in the 
ratcliet wheel which pass ovtsr them as 
thi' wheel turns round. By having more 
notches and projections on the ratchet 
wheel than there are pawls much wear 
and tear is saved, as only three pawls are 
in use at once. 

As soon as the rider ceases to pedal the 
chain wheel stops going round, but the 
ratchet wheel continues to revolve, and 
as it docs so it pushes the pawls up into 
their sernt -circular grooves, and the ]»ro- 

i 'ections or ratchets pass over them without 
lindrance. In this way the axle of the 
bicycle’s back wheel with the ratchet wheel 
on it can go on turning, while the chain 
wheel remains stationary. 

As soon as the cyclist begins pedalling 
again the chain turns and the projections 
engage once more with the pawls. By 
having more projections than pawls the 
engagement is made without delay. 


THE INSIDE OF A WATER- 
TAP 


W E all know how in the ordinary house- 
hold tap we make the water come 
gradually by turning the cock 
round and round. This picture showing 
the inside of a tap makes it clear why the 
water comes slowly at first and then 
faster. As we unscrew the cock the valve 
is raised more and more an<l thus the 
opening through which the water flows 
becomes gradually larger 



How the water flows from the tap 


HOW A SOUND PICTURE IS TAKEN AND 



In these paces and on pace 8 we see how a talking picture is nmde and reproduced. Thousands of pictures of a ^ 

diff^nt from the one bS^rc. are photographed on a film, the film being pa^d before the JirriSd^b^ St viteite a 

motor. At the same time the sounds of the scene are picked up m a microphone, where the flictuate 

diaphragm and so mow carbon granules through which an electric currwt is passi^. This moT^nt^i^ toe cv^t to 
and thus the sounds are Uansformed into a varying electric current The wrrent passes through m ampli^, where it is r^^te 
to the necessary strength, and the wires are connected with a light gate in the sound-rerarding awiMStos. TJ* ^i{e slit 

a slit through which a beam of light passes, and is focused on to the edge of a film. The fluctuations of toe current toe slit 


The fluctuations of the current 







both seen and heard in the cinema 


fffres from microphone to amplifier 



to open and 1 J i 

if focmed on « Projector a beain^ ii«^wl. **** ***«“ 

- «-pU««. «.d car^d wir^ to K.«. .peatc^ 









THE TALKING PICTURE IN STUDIO & CINEMA 



Here is a view of the recording studio. The microphone can be moved ataut. The sound, tr^formed into 

carried bv wires to a control room, and thence to amplifiers, from which it passes to the machines where the soimd film is 

SomrtimM the sound is passed to a machine where gramophone records are made for use with cinema projectors that 

M^from films. As the Mund is recorded it is reproduced by a loud speaker in the control room, where an operator regulates the volume. 



Inside a cinema, showing the film being projected from the operating box on to a screen, which is plarad at an angle. A loud speaker 
in the box enables the operator to regulate the volume of sound coming from the loud speakers behind the screen. The screens are 
specially woven, the front on which the picture appears being made up of a series of loose parallel cords, while the bade of the screen 
has a quilted appearance, so that the sound can pass through to the audience. These pictures show the Western Electric system. 





WHY WILD ANIMALS ARE FIERCE 

We all know that while the domestic animals, such as the dog» the cat, the horse, the sheep, and the 
cow, are in most cases quiet and gentle, the wild animals are generally fierce and dangerous, though 
they are not so fierce in a zoo as they are in the jungle or forest. Why is this? There are several 
reasons^ and here we are told something about the cause of this fierceness 


I T is doubtful It anything causes so 
much trouble in the world as fear. 
It is fear that makes the nations 
arm against one another. It is gener- 
ally fear tliat makes them go to war. 
It is fear of losing their money or their 
jobs or their health or something of 
that kind that makes the majority of 
people miserable. If wc ajuld do 
away with fear we should, without 
the slightest doubt, do away with 
most of the unhappiness that exists 
among human beings. 

And what is tnic of human ticmgs 
IS also true of animals, (itmerally 
s]R*.aking, it is fear that makes them 
snarl and bark and bite and fight. A 
lion or a tiger meets a man and it 
puckers up its nose, shows its teeth, 
growls and springs upon him. It is 
not so much that it wants to kill the man 
for killing's sake, as that it fears him and 
springs ui)on the man to destroy him 
before he can do it any injury. 

Iv very where in the world we find this 


fear showing itself in fierce actions. 
Soldiers being trained in bayonet 
fighting are encouraged to look fierce 
and determined and to shout savagely 
in order to frighten the enemy. Boxers 
when engaged in a match often do 
the same thing to unnerve their 
opponents. It is astonishing how 
much alike human beings and animals 
are in their liehaviour and actions, 
except where education and religion 
have raised man above the beast. 

Of course, another reason for the 
fierceness of the wild animals is the 
everlasting struggle for food. Wlien 
domesticated or cxinfined in zoos, the 
animals become much gentler, and 
this is partly because the fear of hunger 
IS removed from them. Their food is 
supplied at regular intervals, and so the 
great struggle for existence disappears. 

But in tlie wild there is a exmtest 
for food supplies, and animals not 
only become fierce in order that they 


may capture their prey, but in order 
that they may protect it, when it is 
captured, from being stolen by other 
animals. 

Even animals that are gentle in the 
ordinary way will do what seem cruel 
things even to their own kind when 
they are alarmed. Thus rabbits and 
guinea pigs and white mice often 
devour their young if they are in fear. 

An old writer speaks ol the time when 
the wolf shall dwell with the lamb, 
and the leopard shall lie down with the 
kid. and the calf and the young lion 
and the fatling together, and a little 
child shall lead them. If that time 
comes it will certainly be an era of 
glorious peace, as the prophets have 
foretold, for fear will have been re- 
moved not only from men, but from 
the animals, and there will be plenty 
of food for all. For it is fear of star- 
vation that has usually driven tribes 
and nations and also wild beasts to 
inviule each other's territories 



THE AEROPLANE FLEET OF THE PLANT WORLD 


T hk seeds i>t plants are scattered 
alK)iil by naliiie in all srirts ol 
ways. Some aresJiot to a distance from 
the? plant by a miniature explosion; 
some have hooks and are dispersed by 
eairhin^* in the rr^ats of animals that 
fiass bv ; and others aj3[ain form a soit 
of naUiral a(*ropIaiu‘ and are carried 
about by the wind. 

It is very intercstinp; b> exaTiiine 
the various devices whicli the plants 
have evolved to enable tlie wind to 
carry them. Sometimes there arc tufts 
of sill'.y hail, as in the wilUiws and 
poplars Sometimes there are plumes 


as in the dandelion, s^ar thistle, 
groundsel, coltsfoot, valerian, bulnisli, 
and other plants. In some cases, as in 
tlie clematis and mountain avens, the 
plume develops into a long thin feather. 
In the case of other plants tliere are 
tliin wings to catch the wind, as in the 
svcainoro. the ash. the birch, the elm, 
and the maple. 'Khe wings are generally 
so adjustetl as to make the seed's de- 
scent slow with a .spinning motion. 

Some small sc‘eds that are very light 
indeed do not need parachutes or wings, 
and are blown hither and thither by 
the wind, just as the dust is blown. 


The seeds that are dispersed by the 
wind are generally quite small, and the 
flying devices which they bear are very 
large in proportion to their size and 
weight. Those plants that hg,ve a 
tuft or plume of hairs arc very buoyant, 
and are able to catch the slightest 
breeze. Such seeds are often carried to 
very great distances from their parent 
plants, and are usually widely dis- 
tributed over the Earth. 

It is always an interesting recreation 
in late summer and autumn to look out 
for the different seeds of the countryside 
which are dispersed by the wind’s action 






HARMFUL AND HARMLESS BRITISH SNAKES 
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There is only one venomous species of snake in Great Britain, and that is the Adder or Viper. We can distinguish it by the dark zig-zag 
line down its back and by the V-like mark on its head. It is quite common all over England and Wales, and is found in Scotland, but not 
in Ireland. Unlike its harmless relative, the Grass Snake, it is not fond of water, and is generally found in dry woods and on sandy banks. 
One should always be careful when sitting down on a f^len tree trunk that a viper is not hiding in some crevice. The viper varies in 
colour, from dark brown to a light reddish. It feeds on field mice, shrews, and similar little animals, on frogs, and occasionally on birds. 



The Common Grass or Ring Snake grows rather larger than the Vij^r, and specimens are found up to four feet in length. It is the 
commonest of European snakes, but it does not live in Ireland. It is really a very beautiful and interesting creature and makes an 
excellent pet. It is rond of water, and on hot days loves to lie coiled up in a pond or to go swimming in the river. It lays its eggs in 
a manure heap and leaves them to be hatched out by the heat. In this it is different from the Adder, which produces its young alive 
from its body. The grass snake and adder cast of! their skins from time to time, turning them inside out in doingso. The grass snake 
feeds on frogs, voung birds, birds’ eggs, and occasionally on mice. In colour it is brownish grey with a greenish tinge. 







A BIRD THAT CAN KICK LIKE A HORSE 

THE OSTRICH AND ITS WONDERFUL APPETITE 


The old story that the ostrich is a very stupid bird and that when pursued it buries its head in the sand or in a 
bush, believing that because it cannot see it cannot be seen, is only a traveller's tale. Those who have 
studied the ostrich tell us that it is quite as intelligent as any other bird. If an enemy approaches its nest or 
pursues the mother bird and young, the cock will try to lead the foe off in a wrong direction by running in front 
of him or pretending to be wounded. Altogether, the ostrich is a very remarkable bird, as we read here. 


T he biggest bird in the world is the 
ostrich, and a very marvellous 
creature it is. A full-size male 
bird stands eight feet high, weighs 
three or four hundredweights, and can 
give a kick which will kill a man. 

The ostrich has always been a very 
useful bird to mankind. In the southern 
part of Africa, which is its chief home, 
its huge eggs, weighing thr(*c or four 
pounds each, yield an excellent and 
nourishing food supply. Magnificent 
feathers from the wings and tail have 
provided not only decoration, but dress 
for the natives of Africa, and from time 
to time ostrich feiithers have become 
fa.shionable in civilized countries. The 
cock has black plumage on 
the lx)dy and white wing 
and tail feathers. The 
hen’s plumage is a dull, 
greyish- brown and is much 
less decorative. 

i’here are several species 
of ostrich, one kind living 
in North Africa, Syria and 
Mesopotamia, and another 
kind in Somaliland, but the 
best known species is that 
found in South Africa, par- 
ticularly ill the Kalahari 
Desert, and in the country 
of the Matabclc and 
Mashona peo])les. 

In desert country covered 
with patches of bush the 
ostrich can hide and yet 
watch for its enemies with- 
out being .seen, for its long 
bare neck and smcill Hal 
head rising above the 
bushes arc diilicult to dis- 
cern at a distance. 

A Runner Without Equal 

The ostrich cannot fly, 
but as a runner it has no 
eijual, and its outspread 
wings help its speed, acting 
in somewhat the same way 
ns aeroplane wings. It aui 
outstrip the fastest antelope 
or horse, and often roaches 
a speed of 26 miles an 
hour, but it has a foolish 
habit of running in a circle, 
so that it does not escape the hunter. 
It can live for long without water, but 
in the hot .season if it is near a lake or 
tlic sea it will often bathe. 

Perhaps the most extraordinary 
thing about the ostrich is its appetite. 
It is really omnivorous, and its food 
consists of small mammals, birds, 
snakes, lizards, insects, grass, leaves, 
fruits and seeds. But it does not stop 


at these things, it will swallow keys, 
nails, coins, buttons, and other metal 
objects, glass, stones, and in fact any- 
thing, but it is not always able to dige.st 
such strange fare, and there are several 
cases on record of ostriches dying after 
swallowing pieces of glass. 

Tne Missing Snuff Box 

One ostrich when dissected was found 
to have nearly a peck of stones in.side 
its body, most of them being worn as 
smooth as if polished by a skilled 
lapidary. A consul at 'lYipoli missed a 
silver snufi box of considerable size 
and value, and many |)eople were 
suspected of having stolen it .\ri 



An ostrich resting on its powertul legs, one kick trom which could 
kill a man 


ostrich which was kept in the grounds 
was, a little later, shipped to Europe, 
but ilied during the voyage. It w<is 
opened to ascertain the cause of death, 
and in the body were found nails, keys, 
pieces of iron and copper, part of a 
lantern, and the missing snuff box, the 
chasing and sharp edges of which had 
been worn completely smooth. 

The male birds often make a noise 


like the roaring of a lion, and at other 
times, particularly in the morning, low 
like an ox. When they are feeding, 
however, they utter a kind of hissing 
chuckle, but the young birds are silent. 

When the painng season comes, the 
male bird will associate with several 
hens, all of which lay their eggs in a 
single nest, and then the cock does 
most of the incubating. He sits on the 
nest all night, so as to keep off jackals 
that would steal the eggs, and even 
in the daytime he covers the eggs lor 
hours, though the lemale birds' thep 
take their turns. In the daytime tli^ 
birds leave the nest altogether for 
considerable fHJriods, covc^ring the egg^ 
with sand, and they arc 
kept Ironi getting addled 
by the Sun's heat. 

In Somaliland the natives 
hunt the ostrich on camels, 
and at other times catch the 
huge birds by digging pit- 
falls. The buslimeh of 
South Africa, on the pthcr 
hand, dress up in ostrich 
skins and approach the birds 
so as to .shoot poisoned 
arrows at them. 

Plucking the Feathers 

When ostrich feathers 
were very fashionable in 
Europe and America, a num- 
ber of ostrich farms were 
started in South Africa, and 
some of the birds were taken 
to the United States in 1882. 
and ostrich farms started in 
California. 

It is only the male bird 
that produces the beautiful 
feathers that arc .so much 
admired. When these arc 
at their best the bird is 
placed in a wooden case with 
his neck projecting through 
a hole, and a hood like a 
stocking is put over his head. 
Then the feathers are 
clipped. The bird suffers no 
pain, as no blood is drawn 
find no nerve is touched. 

The ostrich's chief means 
of defence is its powerful 
leg.s, which can give a kick that will 
disable a fierce quadruped, but when 
fighting its own species it often uses 
its beak as well as its legs. 

The Romans were very fond of ostrich 
flesh, and the Emperor Hcliogabalus 
once had 600 cooked and served at a 
supper he gave. A notable • Roman 
glutton named Firmius is said to have 
devoured an entire ostrich at one meal. 
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WHAT HAPPENS WHEN WE SMELL A ROSE 
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We all love to smell a rose or other sweet-scented flower, but not many people know eauctly how it is we are able to smell. The thing 
we smell gives off tiny particles, generally in the solid state, but far too small to be seen or felt. These enter our nostrils and pass into 
the upper part of our noses, where alone the smelling is done. They have to be dissolved in a fluid before the olfactory, or smell, nerve 
can be excited and send a message to the smelling centre of the brain. That is why if the upper part of our nose becomes dry we 
cannot smell. When we have a cold, too, our noses become stopped, and we cannot smell because the particles are unable to reach the 
upper nose The nerves in the lower part of the nose, when stimulated as by pepper, make us sneeze, to expel the offending substance. 
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PLANTS THAT CATCH AND EAT INSECTS 



There is a British plant, the sundew, shown here magnified, which feeds on insects. It has flat, round leaves whose margins are covered 
with short bristles, each ending in a knob that exudes a sticky liquid. When an insect touches one of these knobs it is held fast, 
and the hairs at once close over it. Then from a number of glands the plant pours out a juice by which parts of the insect are digested, 
the liquid containing the digested portions being absorbed and nourishing the plant. Afterwards the leaf opens and the remains drop out. 


Sensitive hairs which, when 
touched, cause leaf to dose up 







Wonders of the Sky 



OUR NEAREST NEIGHBOUR IN SPACE 

The Moon is the most tamiliar of all the heavenly bodies. We know it better than we do the Sun, although 
it is not so important to us. The Sun is too bright to be looked at very much with the naked eye, but we 
can study the Moon's face, and in the country on moonlight nights it is always pleasant to look at the Moon, 
which seems a real friend. It is nearer to the Earth than any other member of the Sun's family, and has 
indeed been called a suburb of our planet. Here we read many interesting particulars about the Moon 


T he vast space that sun'ounds us on full moon is reckoned as being equal px>int of water. On the shady side, 
all sides is filled with thousands to that of a hundred camlle power lamp however, where the Sun is not shining. 


of millions of moving spheres, 
most of them glowing balls of fire. The 


seen at a distance of 22 yards. 

The Moon is often called a dead. 


majority are so far away that it takes cold w<irld. and it is cold in the sense 

not only years, but in niany cases thjit it gives out no heat of its own, 

thousands of years for their light to but as it receives sunlight it reflects 
reach us across the intervening space, not only light but a certain amount of 
and yet light travels at the incredible heat, its surface also absorbs some of 
speed of 186.000 miles per second. the Sun's heat and then afterwards 

There is, however, one heavenly body radiates or throws out this, just as a 
which is quite a near neighbour ; in brick wall throws out some of the heat 
fact its distance is only ten times the it receives from the Sun in the day. 
circumference of the Karth. Or if we It is only within the last century 

placed thirty earths side by .side and that men have been able to get any 

touching we should bridge the distance idea of the heat given out by the Moon. 
h(?tween ourselves and this near 
neighbour. The heavenly l>ody in 

(piestion is the Moon, and it is the ^ 

body of which we know most. ^ 

Hy means of giant telescopes its man's 

surface can be brought so ntjar to load on 
our eye that if there were on it a thB Faith 
building the size of St. Paul’s 
Cathedral we could detect it. We 
might even notice a regiment of 
soldiers, or a caravan on the march. 

II the Sky were Full of Moons 

But the first tiling we notice 
about the Moon — and for that we 
need nothing but our naked eye — 
is that it is a bright body which 
gives us a great deal of welcome 
light by night. It is not, however, 
a ball of Are like the Sun, but a 
ticad world or, as somebody has 
described it, a wandering corpse 
among the celestial bodies. 

If the Moon is dead, why doe.s 
it give us so much light ? W'ell, 


A man's 
load on 
the Earth 




The same 
man's toad 
on the Moon 


the temperature. Sir James Jeans tells 
us, is probably about —liso degrees 
Centigrade ; that is. there are 150 degrees 
of frost. There is thus a range of about 
270 degrees (Centigrade in the course 
of a lunar day and night. But the drop 
in temperature is amazingly rapid. 

Astronomers have found, by observ- 
ing the Moon's surface during an eclipse, 
that when the Earth's shadow crossed 
the Moon's cirtting off the Sun's heat, 
the temperature fell 173 dejgrees in a 
few minutes. It would certainly not be 
a pleasant world for us to live on. 

Why is it that there are such 
extraordiiiEiry changes in the tem- 
perature of the Moon ? Well, this 
is due to the fact that, so far as we 
L can detect, our satellite has prac- 
tically no atmosphere. We know 
y this for several reasons. There is 
I no distortion near the edge of the 
Moon's disc, as there would be if 
there were any appreciable atmo- 
sphere. Nor is there any haze such 
as would l>e caused by an atmo- 
sphere. The shadows of the Moon's 
peaks and craters are perfectly 
black and perfectly defined, unlike 
those of a world which has air. 

No Atmosphere on the Moon 

f The Moon could not look so clear 

7 and sharp-cut had it an atmo- 
sphere of any kind, and another 
proof is that when the Moon passes 
between us and a star, the latter 
disappears immediately behind the 


this light is not made by the The Moon being so small its gravitation or pull is much Moon's edge. If there were an 


Moon ; it is the sunlight shining the Earth's, and in consequence a man on the atmosphere on the Moon, the star 

upon it which is reflected out into could do six •• would become obscured slowly, 

space so that we sec the Moon as a P * owing to the bending of the rays of 

brilliantly lighted disc in the sky. light from the star by the Moon's 

in contrast witli the darkness of The most delicate thermometer is atmosphere, 
night the Moon is. of course, very incapable of recording it even when the It is our atmosphere that helps the 
bright indeed, but as' a matter of fact heat is concentrated by a powerful lens. Earth's surface to retain the heat which 
it would take 600,000 full moons to A more sensitive instrument for measur- is received from the Sun, and prevents 
give us as much light as we receive ing heat than the thermometer is the its rapid radiation. In this way our 
from the Sun. If the whole of the thermopile, and by means of this climate is equalised so that we do not 
sky as wc see it were packed with full scientists tell us that the total amount have those tremendous extremes of 
moons we should still receive only of heat radiated by the full moon to the heat and cold which the Moon, being 
about one-cighth of the light which Earth is about one 185,000th of that without an atmosphere, is compelled to 


moons we should still receive only of heat radiated by the full moon 

about one-cighth of the light which Earth is about one 185,000th of that without an atmosphere, is compelled to 

comes from the Sun. Curiously enough which we receive from the Sun. suffer. 

the half moon does not give anything 'I'here are, however, on the Moon’s Another effect of the absence of 
like half the light of the full moon, surface amazing contrasts of heat and atmosphere on the Moon is that our 

for there are many .shadows on its cokl. When the Sun is shining upon satellite is a silent world, for without 

surface and these reduce its light. its surface the temperature rises to over air, or some other gas to carry the 
The Moon's surface reflects only about 100 degrees Centigrade. bumetitnes waves of sound, there can be no sound, 
one-sixth of the sunlight that falls indeed it may be a.H high as 1 20 degrees, What is the size of this satellite 
upon it. The total brightness of the which is 20 degrees above the boilmg that attends the Earth on its journey 


surface and these reduce its light. 

The Moon's surface reflects only about 
one-sixth of the sunlight that falls 
upon it. The total brightness of the 


waves of sound, there can be no sound. 

What is the size of this satellite 
that attends the Earth on its journey 
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THE LITTLE MOON AND ITS BIG CRATERS 



When we look at it in the aky the Moon seems as big as the Sun, but it only looks so because it is much nearer to us. Actually the 
Moon’s diameter is only 2,160 miles, and this picture shows what the Moon would look like if it were placed in the Atlantic Ocean. 
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Althotigh the Moon is so small compared with the Earth that it would take .p mnnn. to . .inh, .. k{> .. i.. "Zt 

tagger tlwm m.y on our planet. We can judge their immense size 4 seeing whS^te^lStoSlf Se^n 
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THE MOON BROUGHT WITHIN A FEW MILES 
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The Houses o/^ Parliament ■ 
would be seen as a tiny dot ^ 
if they were on the Moon j 


ETen when looked at with the naked eye the Moon is seen to have an uneven surface. We can plainly distinguish its irregularities, and 
these are still more clearly seen through a good field-glass. But when viewed through a eiant telescope such as the zoo-inch reflector 
telescope at Mount Wilson, in America, the Moon indeed presents a marvellous sight. This wonderful telescope brings our satellite 
within a few miles of the eye, that is, we see its surface just as we should if looking down upon it from an aeroplane that was flying a 


few miles above its surface. Through this telescope a regiment of soldiers could be seen marching across the lunar deserts, and a building 
like the Houses of Parliament or St. Paul’s Cathedral would appear as a small dot. The details of the many craters stand out with startling 
clearness. This splendid photograph, taken by means of the zoo-inch telescope is published by courteqr of Mount Wilson Observatory. 
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WONDERS OF THE SKY 


round the Sun and through space > 
Well, it is very much smaller than the 
Earth both in size and weijaiht. Of 
course, the Moon looks as big as the 
Sun in the sky, but this is only because 
it is so much nearer. While the Sun has 
a diameter of 804,000 miles, the Mofin's 
diameter is only 2,160 miles, or a little 
more than a quarter of the Earth's 
diameter. 7 'he Moon ccjuld easily be 
put in the middle of the Atlantic with- 
out touching either Euro])e or America. 

Many Moons to Make One Earth 

It would take 49 Moons to make a 
globe the size of the Earth, and then 
this would weigh only alwmt three- 
fifths of the Earth's weight, for the 
lunar rocks are not bo dense as the 
Earth’s. As a matter of fact, although 
the JDarth is (u]ual to 49 Mcmjiis in size, in 
weight or mass it is 8 j times as great 
as the Moon. The area on the Moon is 
Jess than one- thirteenth that of the 
Eartli, and North and South America 




No hea^eiiir body, except meteors, ever gets so near to the Earth as the Moon. Thirty Earths placed side by side would bridge the 
space between our world and the Moon, In this picture diagram we see how long a flash of light would take to reach the Moon from 
the Earth, and how long it would take everyday things on the Earth to reach the Moon travelling continuously. 


stone. But, of course, without an 
atmosphere and without water, life 
would lie impossible on the Moon. We 
could not, of course, light a fire, for 
there would be no air or oxygen to 
make it burn. If wc could let off fire- 
works we should not hear a sound, as 
there would be no air to carry it. 

It is l)ecause of the weakness of the 
Moon's gravitation that its atmosphere 
and water liave escaped ; its pull was 
not strong enough to hold them. 

Where did the Mof)n come from ? 
Well, there are various theories. One 
is that it was once part of the Earth 
and flew off from the space which is 
now the l^acific Ocean when the Earth's 
matter was soft. Others think it is 
an independent planet wlfch has been 
captured by the Earth's attraction. 
Another theory is that the Moon was 
an immense ring encircling the Earth as 
the rings of Saturn encircle that planet, 
and that later the ring became formed 
into a single globe. 


it is nearest to the Earth our satellite 
is only 221,600 miles away. At its 
greatest distance, however, it is 252,970 
miles. The mean distance is 238,000 
miles. The Moon serves other useful 
purpcjses .so far as man is concerned 
than those of giving light by night. It 
is the cause of our tides, as we find 
explained in another part of this book, 
and these are valuable not only for 
shipping purposes but for health pur- 
poses, too, as the coming and the going 
of the tides helps to keep our shores clean 
and sweet. 

Value to Commerce 

There is, in fact, a great deal of 
truth in what Professor Charles Young 
of Princeton University has said, that 
“If the stars and planets were all 
cxtinguislied. our eyes would miss 
them and that is all ; but if the Moon 
were annihilated the interests of com- 
merce would be seriously affected by the 
practical cessation of the tides." ' 


together contain more square miles than 
the whole of the Moon’s surface. 

Of course, owing to the difference in 
size and density of the Moon, its pull 
on objects upon its surface is very 
different troin that of the Earth’s pull. 
An object weighing twelve pounds on 
the Earth would weigh only two } 30 unds 
on the Moon. 

For example, if a man in our world 
could carry one hurulrcdw'cight, he 
could carry .six hundredweights on the 
Moon. If lie were able to jump four 
feet here he could, without any more 
exertion, jump twenty-four feet on the 
Moon. If he weighed twelve stone on 
the Earth, when ho got to the Moon 
he w'ould find that a weighing machine 
would indicate that he was only two 


One very interesting thing about the 
Moon is that it always turns the same 
face to our Earth. This is because the 
period in which it rotates on its axis 
is the same as the period in which it 
makes one journey round the liarth. 
We, therefore, never see the other 
side of the Moon. What is this like ? 
One authority — the Abb6 Moreux. 
Director of the Ik)urges Observatory — 
thinks that the elevations on the 
visible disc which we see correspond 
to depressions on the opposite side 
which we do not see, just as the 
mountains of Europe and Asia are on 
one side of the Earth and the depression 
of the Pacific on the other. 

The Moon's passage round the Earth 
is not a circle but an ellipse, and when 


Shall we ever be able to reach the 
Moon ? That is a question that has 
always fascinated mankind. When at 
the end of the eighteenth century man 
invented balloons, it was confidently 
asserted that sooner or later it would be 
possible to make a voyage to the Moon 
in a balloon. That, however, assumed 
that the space between the Earth and 
the Moon was filled with atmosphere 
in which the balloon could float. 

We know better than that now, but 
in our our own time the possibility of a 
voyage to the Moon lias been reasserted. 
This time, it is to be made not in a 
balloon but by rocket, and progress in 
rocket design and rocket fuels suggests 
that the sending of a rocket to the moon 
is not beyond possibility. 


18 






MEASURING THE HEIGHT OF A SHOOTING STAR 



This picture explains how men measure the height of a shooting star or flashing meteor. Scientists are always on the look out, 
scanning the heavens. An observer in London sees a meteor flash across the sky, and another observer, say, at Exeter, also sees a meteor 
at the same moment. There is therefore little doubt that both saw the same meteor. The observer at Exeter records that he saw the 
shooting star to the east, halfway down from the point directly over his head, that is, a line from his eye to the meteor would form 
an angle of 45 degrees with the perpendicular. The London observer tells how he saw the meteor to the west, also halfway down 
towards the horizon from the point over his head. By reckoning a triangle, therefore, the base of which is the distance from Exeter 
to London, 170 miles, and the other sides of which are lines joining Exeter and London with the meteor, it is easy to work out by 
trigonometry the height of the meteor above the Earth. In this case, which is a very simple one, the height is 85 miles. 


IHE BLACK DROP OF 
VENUS 

W HEN the pUiiift ViMius in its jouinov 
p.isst’s iiflwwti tlie Earth ami the 
Sun we call this the 'transit of 
Venus. Astronomers, frfun Ituir oKserva- 
tions of a transit Iroin thtTen-nt jioinls on 
the Earth’s surface are able to ineasun* 
the Sun's distance from our yilanet, but 
lust at the nioinent when Venus enters 01 
leax'es the solar disc a curious apyiearance 
IS seen. 

I’he planet wtiieli, of course, looks 
black against the Siin's briglit disc, 
appears to be atluclied to the Sun by a 
little black band, .so tliat it seeaiis like a 
black drop instead of a round disc. The 
cause of this strange illusion is not really 
known, although it is believed to be clue 
to irradiation, that is, the ay'piarent 
enlargement of an c^biect that is stioiigly 
illuminated, owing to the vivid impress- 
ion of light on the retina of the eye. 

We can get somewhat the same appear- 
ance by placing the tips of tw'o fingers 
lightly against each other, but not touch- 
ing, and holding them up to the light. 


THE OLD MOON IN THE 
YOUNG MOON’S ARMS 

W HEN there is a crescent mf»on we otten 
see the rest of the Moon very la inti v 
as an ashy light. This is called 
“ the old Moon in the young Moon's arms." 
What we sec is reflected light from thc' 



Why the crescent moon is sometimes seen 
on her back 


Earth shining on the Moon. Sometimes the 
cresccMit is almost horizontal, and the Moon 
is said to lx* " lying on her back." The pic- 
ture shows that this occurs when the Moon 
is vertically over the Sun, after the Sun has 
set or before it has risen on the Earth. 


ENGLAND’S OLDEST 
TIMEPIECE 

T he j>riniitivc men wiio lived in nrilain 
thriT or tour thousand years ago built 
the great stone circles ol Stonehenge, 
and used them partly as a temple of worship 
and yiartly as a calendar and timepiece. 

On looking straight over the altar in the 
eentre the eve sees a stone column in the 
distance that is known as the Hele or Sun 
Slone, and on June 21st the Sun can be 
seen to rise exactly over the top of tliis 
.stone. It was in tliis way that the ancient 
Druids reckoned their summer .season and 
tiny time of day 

'The men of old wore great observers of 
the heavc-ns, and long before clocks c)r 
other timeyjieces were invented they used 
to tell the times and seasons by the Sun. 
To-day, thousands of jieople go to Stone- 
henge on June 2 1st to sec the Sun rise*, 
over the Hele Stone. 

The rcmiains of similar stone temples 
are found in other parts of England and 
also on the Continent of Europe and there 
too. no doubt, there were stones which 
w’(Tc u.sed as timepieces and calendars. 



henge on June axst 
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THE MYSTERY OF THE RAINBOW IN THE SKY 



When the horizon does not f;et in the way a rainbow is seen as a iull circle of colour. Of course, when we are standing on the Earth we 
can never see a rainbow in this form, but the airman who goes high up above the clouds and looks down at the rainbow from above sees it 
in this circular form, and just as we often see from the Earth a second and fainter rainbow with the colours reversed so the airman sees a 
double circle of colour, as illustrated in this picture. In the centre of the rainbow he sees the shadow of his aircraft. 



In this picture we see how a rainbow is caused. A ray of light from the Sun strikes a raindrop, is bent as it passes throbgh it, and is then 
reflected back again from the inside of the drop and being bent once more reaches our eye. But the ray of light from the Sun is not only 
bent and reflected ; it is broken up, or refracted, as men of science say. This divides it up into the seven colours, violet, indigo, blue, green, 
yellow, orange, red. and it is these colours which we see. Of course, it is not only the light reflected from one raindrop which reaches our eye, 
but from many. We do not see all the colours from the one raindrop. The particular colour we see from each drop depends upon the angle 
at which the light from it is reflected to our eye. From this explanation of how the rainbdw is formed it will be clear that no two people 
can possibly see the same rainbow, for we all have the colours reflected to our eye from different drops of rain. 



HOW WE USE THE FORCES OF NATURE 

H the men ot the Stone Age could return to the Earth today, they would be amazed at the achievements 
of their descendants. Giant buildings rise into the clouds, powerful machines turn out goods at an 
astonishing rate, and trains, motor cars, aeroplanes and boats travel at scores ot miles an hour. How 
has this all been accomplished ? It has been done by using materials and harnessing powers which already 
existed on the Earth. Here we read something about man's ingenuity in using the forces of Nature 


M an can create neither power nor 
matter. This may seem a 
strange thing to say in view of 
the tact that with iron and coal taken 
from the earth lie can produce a mar- 
vellously powerful engine or machine 
which will yield many thou- 
sands of horse-power and do ,r- • 
work which man himself, un- 
aided, could never perforin. 

It certainly looks as though he 
had really created something 
from the materials he has used. 

Nevertheless it is quite true , 
that the man who made the ! 
machine and produced the vast • 
power created nothing. All he : 
did was to iransforni and use ! 
something already existing and | 
bo harness the forces ot nature J 
for his own purposes. I 

Everywhere in nature we 
find mighty forces and, in his 
struggle for a richer and fuller 
life, man is now able to use and |ij|g 
control many of these. Niagara, k 
rushing over a precipice and lui 
crashing into the channel below, 
is liarnessod and lights cities for the 
liiiiidreds ol miles round, driving beini 
also trains and traiiicars and wate 
machinery for the production of 
goods of all kinds. A power* 
station is built and (^quipped in the i 
London and supplies electricity piste 
over an area ol many square 
miles, and from the electricity 
produced by the generators we 
arc able to light and heat our [ 
houses, to cook our food, and t 
•to travel to and from our work L 


Harnessing Niagara 

But nothing has been created. 
£n the case of Niagara a mighty 
natural force running to waste 
has been harnessed for man's 
use, and at the power station in 
London natural forces already 
existing have simply been trans- 
formed and directed into certain 
channels. 

Electricity cannot be pro> 
duced from nothing. If it is 
generated iSy a dynamo going 
round ahd round sometliing has 
to make the dynamo «‘otatc. 

. Either we use the descending 
water of a waterfall, or we burn 
coal in which for millions of 
years the sun's energy has been 
stored up. Then, we transform 
the heat into another form of 
energy called electricity. And 


so it goes on. In everything we do 
we merely transform or harness some 
matter or power already existing in 
the universe. 

Even if we use our own arms to turn 
a windlass and draw up water from a 


well we are creating nothing, although 
perhaps at first thought it looks as 


though we were ; we are merely using 
power which our bodies have obtained 
trom food and sunshine, just as the 
steam engine gets its power from the 
coal put into tlie furnace. 

The crashing of a waterfall,thc 
Hash of lightning, the power of 
j the incoming tide, the explosion 
of gunpowder or dynamite, and 
' the release of nuclear energy, 
are all forces obvious to the 
1 eye, but there are also unseen 

I forces, silent and often un- 

I noticed in their workings, and 

V these, too, wc arc able to use. 

. Take, for instance, the atmo- 
sphere, that unseen ocean that 
covers the Earth everywhere 
and at the bottom of which we 
* 1 liv^e. We only realize its full 

force when a hurricane is blow- 
Em ing, and then it may be so 
powexful as to blow our hou.ses 
BH down. We read more about the 
wonders of the atmosphere in 
valve another part of this b^>k, but 
rs the let us IcMik at one familiar 
andle example of the way in which 
water atmosphere works for us. 

iMhit **** 

lower The air presses in all direc- 
lions with a weight equal to just 
over fifteen pounds on every 
square inch of surface. 

J In pumping water up trom a 
.1 depth, whether we use the com- 
^ mon lift pump or the force pump, 

> j we are making use of this 
i jj pressure of the air to bring the 

I water to us from a depth. The 
& '’i pictures on this page show ex- 
^ actly how these pumps work. 

and why the water comes out. 

^ We are harnessing the power 
of the air to do work mr us 
\ that we could not perform so 
; easily in any other way. It is 
' I interesting to remember thib 
whenever we perform any task 
at all. Even if we compose 
a letter or a poem we arc not 
really creating anything ; we 
are transforming energy which 
already exists. In some subtle 
, which way the mind depends upon the 
rater » brain, for if the brain is injured 
indie is qj starved the mind does not 
iPDlv^s work, and the brain is main- 

II I^D tained by means of food and sun* 

sliine supplied to it from outside 


■R 
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TH£ SUCTION OR LIFT PUMP 

The handle beng raised (left) lowers the piston, and its valve 
being opened by the pressure of water from below allows the 
water to flow through. The pressure of the piston closes the 
valve of the pipe leading down to the water supply. The handle 
Is now lowered (right), raising the piston and lifting the water 
above it so that it can flow out of the nozzle. The pressure of 
the water above closes the piston valve, and the raising of the 
piston produces a vacuum underneath, when, at once, the lower 
valve opens and water rushes up to fill the vacant space. 






HOW A FORCE PUMP WORKS 

Here (left) the handle is pushed down, raising the piston, which 
has no valve. A vacuum being caused underneath, water is 
forced up from below to flU the space, and when the handle is 
raised (right) the piston goes down, forcing the water cut of 
the nozzle. The valve of Uie pipe leading to the‘ water supply is 
then closed by the pressure of the water above tUl this has bMD 
forced through the nozzle. 
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EXPERIMENTS THAT SHOW THE AIR IS MATTER 


A S we cannot sec tJie air we breathe. 

. we might almost he inclined to 
think that it does not exist 
BcMng invisible it scarcely seems a 
substance in the same way as earth, 
water or the black smoke that comes 
Ironi the chimney VVe can feel the 
earth and the water, and it we put some 
into a tin or tumbler wc know it is 



When a bicycle tyre is full oi air it is difficult 
to pump more in 


there Liecause we not only teel its 
weight but see it too 

But although we cannot see the 
air we niiisl remember that it is just 
as much a substance as iron, or lead, 
or wood It IS easy to piove this by 
a number ol very simple exjierimciits 
that we can carry out in our homes. 

It we till a tumbk'i with water to 
the brim we cannot get any more in 
If we fill a box with sand to the top we 
can sometimes pt a little more into 
the box by shaking the sand down and 
packing it closer, but when the box is 
really full and packed tightly we cannot 
put hiore sand into it. 

It is just the same with air. Let us 
pump up our slack bicycle tyre and 
at first it is quite easy, but when the 
tvre is right up there comes a time 


An experiment to show how air pressure will 
support a coin, and (right) a rubber cushion 
full 01 air 

when we cannot push in the puiii]) ; 
the tyre is full ot air and will take no 
more In the same svay if we press 
down on an aii cushion that has been 
blown up we cannot squeeze it flat 
As we press down in one part, the 
custiion gets bigger in another because 
wc press the air irom the one part 
into the other 

If we move our open hand about in 
water we find the quicker wc try to 
move our hand the more difficult it is. 
The water is in the way and impedes 
the motion of the hand In the same 
way if we tr\' fanning ourselves 


quickly with a tan the tan is either 
imyicded or bent by the pressure that 
the air exerts 

Everywhere the air is pressing upon 
us and upon everything in all directions 
with a pressute that is equal to fifteen 
pxiunds on every square inch It 
presses up as well as down, and it we 
doubt it we can prove the matter 
1-et us fill a tumbler to the very brim 
with water and on top place a sheet ot 
thin card, having first wet the edge ol 
the tumbler. Now. holding the card 
III position we invert the tumbler 
and if wt* have placed the card on tightly 
so that no air can get between it and 
the water, the water will remain in 
the tumbler with the card over the 
mouth It is kept there by the 
pressure o! the ait underneath. 

Similarly, when a boy uses a sucker, 
that is. a disc of leather with a string 
througli the middle, he can prove the 
great pressure which the air exerts 
He wets the sucker, puts it on the pave 



The pressure ot the air prevents the board 
being knocked on the floor 


ment and then presses upon it with his 
foot That drives out ail the air 
between the sucker and the paving 
stone Now when he pulls he cannot, 
without the greatest exertion, draw the 
disc of leather from the stone, for tlie 
air is pressing upon it with a weight 
ot fifteen pounds on every square inch 
If the sucker is placed upon a small, 
flat stone and pulled up hard the middle 
of the disc will he raised a little but 
there will be a vacuum between that 
part and the stone. The result is that 
more air will be pressing under the 



Why a sucker lifts a stone. Air pressure 
underneath is greater than above 


stone than on top, and so it we lift the 
string with the sucker we bring up the 
stone with it. The stone is held to the 
sucker by the pressure of the air 
underneath. 

Another experiment that shows the 
air presses in ail directions may be 
performed with a smooth penny 




Place It against some woodwork, press* 
on it with the finger, and then give it 
a sharp push up or dowm. In doing so 
we press out the air between the penny 
and the woodwork, and when we remove 
our finger the penny will remain as 



The air supporting the water in an inverted- 
tumbler j 


though stuck to the wall it is the 
pressure of the air upon the outer 
surface ol it that holds it there 

Another int(T(^sting experiment to 
show the pressure of the atmosphere 
may be carried out with a board about 
two feet long and five or six inches 
wide Place the board on a table, the 
kitchen table for prefcrcnt i;. with about 
six inches projeiling. Open out a 
new.spapor and lay this upon the board 
smoothing it down 

Now clench the fist and give a sharp 
downward blow uj>on the projecting 
end of the board We naturally expect 
the board to lip up and fall on the 
floor, but it does not move The end 
of the board will even break oil 
before the board will tip iij) 



A boy trying to pull up a sucker, and (right) 
a fan extended to catch the air 


The explanation is that the air is 
pressing upon every sejuare inch of the 
newspaper with the weight ol fifteen 
pounds, and when we give the sharp 
blow to the plank the air does not have 
time to rush in between the table and 
the newspaper The re.sult is that 
when the other end of the plank tries 
to rise it has the very heavy weight 
of the atmosphere pressing on the 
newspaper to hold it down. 

Of course, the blow must be short and 
sharp or the experiment does not 
succeed If wc give a prolonged blow 
and press on the end of the board we 
give the air time to get in under the 
newspaper, and then, of course, the 
air above and below the paper is 
equalised and the board will tip up. 






HOW A MICROSCOPE MAKES THINGS BIG 



This picture shows how a microscope makes small objects appear very large. The object to be magnified is m a glass slide, and this 
is placed on a stage and illuminated from above or below, according to whether it is opaque or transparent. In this case the object 
is a tiny insect's wing, and being transparent is illuminated from below. Rays of light pass from it to a magnifying lens known as the 
object glass. The curved lens causes the rays to be bent at an angle and to cross one another, so that at a certain point in the micro- 
scope tube a magnified but inverted image of the object appears. This object is still further magnified by another lens in the eye-piece. 
When the rays of light reach the eye, the eye imagines that they have come in straight lines instead of being bent, and so the object 
appears much enlarged, as though it were near the object glass. In thb picture the microscope is greatly simplified so that its 
firinciple may be easily understood In modem instruments both the object glass and the glass of the eye-piece consist of several 

lenses, so arranged that they will rectify the distortion that is caused by the curvature of the glass. 
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A disadvantage of the aeroplane with fixed wings is that 
It must travel along the ground before take-off and after 
landing. Helicopters of the type illustrated in pages 
1368 69 can take off from and land on areas not much 
bigger than the circumference of their rotors. Other 
contributions to the solution of vertical flight are illus- 
trated in these photographs. Above : the Rolls-Royce 
Flying Bedstead which has neither rotor nor wings but 
derives its ability to ascend, fly, and descend by altering 
the direction of the jet streams from two turbo-jet 
engines. Left, the U.S. Army's flying platform, which 
ascends and descends by altering the air flow from a 
ducted-fan engine ; horizontal movement is by the pilot 
changing the position of his body. Right : the Altar 
Volant, a French version of the Flying Bedstead. 
Below : the Dutch Kolibric, a light-weight helicopter 
with a rotor driven by a ram-jet engine mounted on each 
blade tip : this type of machine has been of great 
assistance to engineers watching progress on dykes and 
other land reclamation schemes 



Romance oF British Histort 


THE FIGHT THAT CHANGED THE FACE OF ENGLAND 

There has been one battle on the soil oi England the result ot which changed the whole face of the country. 

That battle was the battle of Hastings. As most people know, it led to a complete change in the system 
of government, but it did more than that. William the Conqueror, having made himself master, destroyed 
many villages, houses and churches in the South to plant a great forest — the New Forest in which he 
could hunt for sport ; while in the North, after a revolt, he devastated a wide territory and left no house 
standing between York and Durham. Finally the whole country was dotted everywhere with Norman 
castles to keep the people in order. The face of England had been changed by a single battle 


W HEN news w!is carried to Duke 
William in Normandy that 
Edward the Confessor was dead 
and that Harold, the son of Earl 
Godwin, had been crowned King of 
England in W(*stniinster Abbey, Duke 
William was very angry. He at once 
sent a messenger from Normandy, wlio 
addressed Harold in these words : 

" William. Duke of the Normans, 
sends to remind thee of an oath which 
thou hast sworn to him with thy 
mouth, and with thy hands upon good 
and holy relics.*' 

“ It is true,*' replied the Saxon king, 
‘ that I took an oath to William, but 
I took it under a constraint. 1 pro- 
mised what did not belong to me. a 
promise which 1 could not 
in any way perfonn." 

Some years before Harold 
had visited Norma ndy , 
where Duke William made a 
great fuss of him. Then he 
made the Saxon earl swear 
on two little caskets of holy 
relics that he would assist 
him in obtaining the king- 
dom of England after the 
death of l<^dward the Confe.s- 
sor. Harold was in the duke's 
power, and, thinking that it 
would not be safe to refuse, 
ho swore the oath, the whole 
assembly crying out “ May 
< iod be thy help ! " 


that the war he was going to wage was 
to punish a man who broke a solemn 
promise, he asked the Hope at Rome to 
bless his expedition. The Pope sent 
him a banner and a ring containing what 
was said to be one of St. Peter's hairs. 

This gave the expedition a sacred 
character, and when one of William's 
leading men declared : " Yours is the 
good right, and you have valiant 
knights ; undertake, then, Ixildly, for 
that which is Ixildly undertaken 
is half accomplished," it seemed that 
all was ready tor a successful ex- 
pedition. 

But Harold was not idle. He gath- 
ered ships and men, and caused them 
to sail up and down the Channel 


A Broken Promise 

But Harold had no in- 
tention of keeping his 
promise, and alter Edward's 
death he at once allowed 
himself to 1)g made K^ng oLtf ngland. 

As he would not give ujjKhe crown 
to William, the Norman ciuke decided 
to come and take it. He gave orders 
for a large number of ships to be built 
to carry an army across the English 
Channel. Men began to cut down trees 
and saw and plane them into planks. 
Many ships were built, and then when 
they were ready weapons of all sorts 
were placed in them, with food and 
wine, and by tlie end of August in the 
year 1066 the ships were ready to sail 
with large army that had been 
gather^ on the shores. 

This army included stout and brave 
warriors from many parts of France 
and Flanders. William made them all 
sorts of promises, and as he declared 



Harold swears that he will help William gain the English throne 


between England and France, watching 
for the invaders. 

If Duke William could have sailed 
when he wanted to do so — that is, in 
August, as soon as his armament was 
completed — he would probably have 
been badly beaten, for the English had 
a powerful array of ships on the sea and 
a big army waiting on the land. But 
the winds were contrary, and so William 
was detained for a month, and in this 
time many things happened which were 
bad for the English. 

The Normans also h;id had a bad 
time. The fleet made a start, but a 
violent hurricane came on and some 
vessels were dismasted, while others 
foundered with tlieir crews. The 
troops began to murmur. 


William himself seems to have be- 
come anxious. He often repaired to 
church and remained long in prayer, 
and then on quitting the church looked 
up at the weathercock on the steeple 
to see if the wind had changed. 

And what had happened to the 
English meanwhile ? Well, Harold's 
brother Tostig, who had been Earl of 
the Northumbrians but had been 
banished, obtained the help of another 
Harold, known as Hardrada. or the 
Stern in Counsel. This man was King 
of Norway, and he came with a fleet 
and army and landed on the coast of 
Yorkshire. 

News was carried to King Harold of 
England in the South, and he at once 
marched northwards with 
his army and fought a great 
battle at Stamford Bridge, 
utterly destroying the Vik- 
ing host. But it was a 
hardly won battle, for many 
of Harold’s best men were 
killed in it. 

WUliam Sets Sail 

Meanwhile, Duke William 
had set sail from Normandy. 
His fleet was said to have 
consisted of 400 ships with 
large masts and sails and 
more than 1,000 tran.sport 
boats. William’s vessel led 
the van, and at his mast- 
head flew the banner blessed 
by the Pope. At the prow 
was carved the figure of a 
boy with his bow bent and 
an arrow ready to speed its 
way. Lanterns were fixed 
to the masts to serve as beacons and 
a rallying point for the fleet at night. 

At last tne Channel was crossed, and 
William and his men landed safely and 
without opposition at Pevensey. 

There were two reasons for this. 
In the first place, Harold's fleet, which 
had been waiting for weeks to catch 
William and his army on the sea, had 
had to return to port for lack of food, 
owing to the long delay. That gave 
William's ships a free passage. Then, 
as Harold and his army were away in 
the North, William ana his men could 
land without opposition. It was very 
unfortunate, indeed, for the English, 
but lucky for the Normans. 

Messengers rushed off at once to 
Harold and told him the news, and he 
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marched southward ; but his army 
had tH.*cn weakont'cl. and when it 
arrived to fact* William and his 
Normans the Enj^lish solflic*rs w(*re tired. 

It was on September i8th, io(»t). 
that William landed on the English 
coast. The archers went asliore first, 
and as they wore short cloaks and had 
their hair shaven oft, word was soon 
carried to Harold that thc*re were more 


priests than soldu*rs with tlu^ Norman 
army. Harold smiled at this news, 

" Those whom you have seen in such 
numbers,” he said. ” are not priests, 
but good soldiers who w'ill make us 
feel what they are.” 

After the“ archers. t\w horsemen 
landed, clad m coats of mail and 
w'earing helmets of polished iron of a 
conical shape. They weit? armed \yith 
long and heavy lances, and straight 
two-edged swords. After tlumi came 
the workmen of the anny—smiths, 
carpenters, and so on — wIhj look ashore 
wdth them the material for thrc'c 
w'ooden castles which had been framed 
and prepared belort'hand. 


houstis of the people. The English 
fl(id from their homes and flocked to 
the churches, thinking that the re- 
ligious Normans would regard the 
sanctity of these places. But they 
did nothing of the kind. 

Haridd’s army, weakened by the 
battle of Stamford Bridge, was 'much 
less numerous than that of the Normans, 
and he Ijoped to surprise William’s 


camp. But William w^as too clever 
a g(Jiieral for that to happen. His 
liorsemen gave notice of the approach 
of the English king, who, they said, 
apfiearcd to Ik* marching on like a 
madman. 

SesMMi miles from the Nonnan camp, 
Harold halted, and. changing his plans, 
he now entrenched himst‘lf behind a 
ditch surmounted by paliscidi*s. Some 
of the English captains wanted Harold 
to retreat towards I-ondon, ravaging 
the country as he went, so that the 
Normans, if they followed, would find 
no fo(Kl. Jtut this Harold would not do. 

Duke William seems to have been 


single combat between the English 
king and the Norman duke. 

Harold abruptly refused all three 
suggestions. He was not prepared to 
give up his crowm he knew that the 
Pope w*is on the side of William, and 
with a stout warrior like William single 
combat was too uncertain a chance. 

On hearing of Harold’s refusal, 
William sent the monk back again. 

” Go and tell Harold,” he said, 
" that if he will keep his former 
pact with me, I w'ill leave all the 
country iKjyond the Humber, and wiM 
give to his brt)ther Ciurlli all the 
land which Godwin held.” 

Victory or Death 

Han>1d, however, would have none 
of tBr the English promised him 
by ^feir unanimous oath to make 
neither peact* nor truce nor treaty 
with the iiivailer. They would, Ifiey 
said, either die or expel the Normans. 

Thus a day wx'Ut by, and at night 
the scene in th(^ two camps was v'^ry 
different. In the Saxon camp tliitre 
was singing and merry-making, while 
in the Ni)rniaii camp, wdiich had many 
priests and monks, thiire Avas prayei 
and other ri;ligioiis exercises. 

In the morning the Normans pro- 
ceeded to Iht* attack. Duke William 
ro(l(* on ii Spanish charger, and round 
his neck were suspended some oi the 
relics on which Harold was said to have 
swwn. Tlu* standard ble.ssecl by the 
Pope was carrietl at the duke’s’ side, 
and as the troops were about to 
start forward, William cried out : 

“ Remember to fight well and pul all 
to death, for if wc coiiciuer we shall all 
be rich. What I gain you will gain 
If I conquer you will coiupier. If 1 
take this land you shall luive it. Come 
on, and let us, with Ciod’s help, chastise 
these English for their mi.sd(M*ds.” 



William by a clever idea turns his fall into an omen of victory 



The Norman minstrel goes into battle singing the Song of Roland 


The Normans Tremble 

Last of all, Duke William landed, 
and as lu* put his foot upon the sands 
he slipped and lell. It was a su])er- 
stitioiis age, and at once his followt;rs 
cried out : 

” tiod pres(*rve us 1 This is a bad 
sign 1 ” 

But William w'as etjual to the occa- 
sion. 

What are you crying out tor 
he said Don’t you see 1 have 
seizA'd on this land wuth both mv 
hands ? ” 

And, holding up his arms, he showi*d 
that he was grasping the soil with 
both hands. 

This cle-ver re])ly set the tears of 
the Normans at lesl, and what might 
have been regarded as an ill omen 
became a good sign. 

The Norman army marched to the 
town of Hastings and there formed a 
camp, setting up two of the w'ooden 
castles and furnishing them with 
provisions. Then bodies of soldiers 
over-ran the neighbouring country, 
seizing the cattle and burning the 


ratlu!r anxious to settle matters without 
a battle, if it were possible, and he 
sent a monk to the English king 
making three pro]K>sitions. He sug- 
gested that Harold should resign his 
crow'll to the duke or refer tlie dispute 
to the arbitration of the Pope, who 
wras to decide which of the two ought 
to be king; or, suggested William, 
the matter should be settled by 


It w^as a queer speech, w'hich shows 
the spirit of the times. In those* days, 
perhaps more than in these, men w'ere 
able to deceive themselves that when 
they were out for their own advantage 
they were doing God service. 

While the soldiers went forward to 
fight the Saxons, their priests and 
monks went up a neighbouring hill to 
pray for victory. 
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A Norman minstrel named Taillefer, 
or Cleaver of Iron, spurred his horse 
forward, singing the famous song which 
tells of the exploits of Charlemagne and 
Roland. As he sang he played with 
his sword, hurling it in the air and 
catching it again in his right hand as it 
came down. All the Normans joined in 
the chorus and cried, “ God be our 
help ! ” Then the min- 
•strel rushtid forward, 
cut clown two English- 
men . and was soon cut 
dow-n himself. 

The English behind 
tht'ir redoubt held a 
<5trong position. As 
soon as they were 
within bow -shot. ^ the 
Norman archers let lly 
their arrows and the 
crossbowmen t h i r 
bolts. Hut the high 
parapet of the English 
redoubt ch'adened t heir 
effect. Then the in- 
fantry and tlie cavalry 
w'ith "their siioars and 
swords advanced, but 
when they came with- 
in ri'ach lh(! English 
struck heavy blows 
with their battlea.xes 
and broke the sfx'ars 
or clove the coats of mail. In no w'ay 
could the Nonnans break up the 
English defence, and tired after their 
unsuccessful attac k, they fell back. 

Th(‘ sun was selling in the west and 
the victory w'as still undecided. A 
gn‘al idea now came to William. He 
told his archers to shoot not point- 
blank, but u]nvards, so that the arrows 
might fall beyond the 
rampart. As a residt 
many of the Emglish 
vrere wounded in the 
face and head, .'ind 
poor H a r o 1 d himself 
was struck in the eye 
by an arrow. 

Hut again when the 
Normans came for- 
ward they w'cn' re- 
pul. stxl, and as their 
honses stumbled they 
fell pen-niell into a 
ravine, wiiere numbers 
perisht'd. A rumour 
s ]) r e a d t hat D u k e 
William w'as killed, 
and a* this the Nor- 
mans began to flee in 
real earnest. 

Hut the story was 
not true, and William, 
throwing himself before 
the fugitives and 
threatening them with 
a lance, cried out : “I 
am here. Look at me. 

I am alive, and with God’s help will 
conquer." 

The Normans rallied, and again 
attacked the English redoubt, but 
nowhere could they make a breach. 

Things were looking serious for the 
Normans, when the Duke had another 


bright idea. It was clear that the 
English could not be defeated unless 
they could be drawm from their position 
of strength, so William ordered a 
thousand of his horsemen to advance 
and then immediately to take flight. 
The ruse was siicce.ssful. Directly the 
English saw the Nonnans fliicnng they 
.set off in pursuit, and then when they 


had broken their own ranks bwlies 
of Norman horsemen and ftx)tnien 
rushed in. 

The fighting now became hand to 
hand, htkI William had his horse killed 
under him. Harold and two of his 
brothers who were fighting with him fell 
dead at the foot of their st andard, and 
a Norman, plucking the Ehiglish flag 


Harold falls dead at the foot of his standard 

from its place, set up the Pope's banner 
in its stead. 

The English King and his lieu- 
tenants were dead, large numbers of 
his men were wounded, and now as 
there was no rallying-point, hope was 
lost. The English fled and the Nor- 


man horsemen pursuing gave quarter 
to none. 

On the next morning, which was 
Sunday, Duke William rode over the 
battlefleld and saw that his fallen 
warriors were decently buried. 

Many English women came to 

beg the bodies of their fallen kins- 
folk, and William allowed these to be 

taken to the neigh- 
Inniring churches for 
burial, but he declared 
that if the body of 
Harold should h e 
found it was not to 
have Christian burial, 
for the dead King was 
a perjured man ex- 
communicated by tluj 
Pojie. 

Harold's mother, 

G y t h a, offered the 
weight of the body in 
gold to be allowed to 
bury her son at Wal- 
tham, but William re- 
fused, and a body said 
to be Harold’s was 
buried in a cairn on 
the rocks at Hast- 
ings. 

Later, however, it 
was said that a woman 
called Edith, who had 
loved the English King i)efore he 
mounted the throne,dist:overed his lx)dy 
altho\igh it was much mutilated by 
wounds, and that eventually William 
allowed it to be buried at Waltham. 
Probably what happened was that the 
body was first buried among the rocks 
at Hastings, and afterwards removed 
and taken tt) Waltham. 

There grew up a tale 
in after days that the 
English King had not 
really been killed at all. 
but though seriously 
wounded was found by 
some women and was 
secretly remov'-ed ti) 
Winchester, where he 
was nursed for two . 
years in a cellar by a 
Saracen woman. 

Gradually he recov- 
ered his health, but he 
found that everywhere 
England had submit- 
ted to William, who 
wiis now strongly 
seated on the throne, 
and that without 
foreign help it would 
be inq>ossible to re- 
move him. Harold 
sought such help, but 
failing to secure it, he 
gave up all such am- 
bitious ideas, took the 
pilgrim staff and 
wallet, and journeyed to Palestine. Then 
in old age he returned to England, and 
after living many years as a hermit, 
died at Chester. 

The Battle of Hastings had been lost 
and won, and as a result the whole face 
of England was changed. 



William rallies his fleeing warriors when they think he is dead 
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10,000 TONS OF SNOW CRASH DOWN THE MOUNTAIN 



When the snow has accumulated on the mountain top very often a touch or a sound will set it hurtling down until finally it crashes into 
the valley beneath. Woe betide any living creatures that happen to be in the way, for not only the snow itself, but the compressed air 
it drives in front and to the sides will uproot trees and carry houses away. The best protection against an avalanche is a forest of trees, 
which break the fall, but about xoo lives are lost every year in the Alps alone through the fall of avalanches. In this wonderful photograph 
we see more than ten thousand tons of snow falling down the Wetterhorn in the Swiss Alps. It is the most remarkable photograph of 
an avalanche actually falling that has ever been taken, and shows the strange cloud-like effect of the descending snow. Scientists are 
now able to study the action of avalanches by means of slow-motion moving pictures ta^en from vantage points in the mountaina 
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THE REGIONS OF EVERLASTING SNOW 

The world's lofty mountain peaks are covered with perpetual snow, but of course all the snow that falls upon 
them cannot remain in position. Sometimes it melts, and sometimes great masses of it fall down the moun- 
tain side in an avalanche. Here we read something about the everlasting snows and the terrible avalanches 


I N all parts ot the world there are 
regions of everlasting snow. Some- 
times these are high up in the 
mountains, as in tropical countries, 
and then the farther north or south 
we travel from the Equator the 
lower becomes the snow-line above 
which snow never melts. 

When snow falls on the mountains 
in winter it lies there, the layer be- 
coming thicker and thicker, but when 
summer returns and the warm rays 
of the sun shine upon the snow, much 
of it melts. Eut on the high mountains 
the summer heat is never strong 
enough to melt all the snow, and so 
the tops of the mountains are perpetu- 
ally white. 

1'hc siiow-linc is very high up in some 
parts C)t the world. On the northern 
side of the Himalaya Mountains, for 
instance, it is lO.Ooo feet above the 
U!vel of the sea. and in the Peruvian 
Andes it is 15,500 feet up Then as 
wc! go north and south from ih(‘se 
mighty mountains we find the snow- 
line getting nearer and iieanT Xo the 
sea. In the Alps, for instance, it is 
8,500 feet aliove sea level, and then 
in the Arctic and Antarctic regions 
it is at the very sea level itself. Them 
all the country for tens of thousands 
of miles is aivered with a vast layer 
of perpetual snow and ice. 

How the Snowfall Disappears 

Naturally, in the upper regions ot 
the world’s mountain ranges the snow 
cannot everlastingly accumulate, and 
much of it that is not melted by the 
summer sun is got rid of by avalanches 
or snowslides. It i.s estimated that 
about a third of the total snowfall 
in the Si. Gothard region of the Alps 
disappears in this way. 

Of course, the avalanche matters 
little in uninhabited regions, but woe 
iKitide the traveller or the village that 
conics within the sphere of an avalanche. 
A very small thing may set the snow 
rolling. A bird’s wing as it flies past, 
or the noise of a cracking whip, or a 
liuman shout, and then once started 
the snow gathers more and more to 
itself as it goes till at last tens of 
thousands of tons may come crashing 
down and eventually bury a peaceful 
valley with all its dwellings and in- 
habitants. In 1901 such a slide over- 
whelmed a village on the Simplon 
Pass and killed all the people. 

Avalanches may occur in summer 
or winter. In summer the warm 
winds penetrate the narrow crevices 
in the boundless snow slopes and 
dissolve much of the snow lying next 
10 the rocks, so that the connection 


between the snow and the rocks is 
destroyed and the ground liccomes 
slippery. Thus prepared, the slightest 
thing will set the snow rolling, and as 
it tears down the mountain it not only 
uproots tret's and other objects that 
may be in its way, but causes such a 
conipre.ssion of the air that for a great 
distance on cither side everything is 
destroyed. The avalanche makes a 
crashing sound, which is oftt'n the 
first indication that it is on its way. 

The popular idea of an avalanche 
f^ing a great ball of snow something 
like a huge aiulifiower rolling down 
the mountain, is quite wrong. In 
appearance the avalanche is more 



Digging out the people buried by an 
avalanche in the Swiss Alps 


like a waterfall completely broken up 
into foam. It starts slowly and in- 
creases in speed as it travels. As the 
snow cascade passes over the rocky 
precipices it bursts into round masses 
of woolly foam and fluttering curls of 
cloud, carrving with it trees and 
fragments of rock, and leaving behind 
an unmistakable track of desolation. 

The winter avalanches are known 
as dust avalanches and are more like 
very powerful snowstorms. The storm 
raging round the summit of the 
mountain heaps up great piles of fine 
snow, till this falls like an impenetrable 
cloud of dust, enveloping everything 


in its path and carrying away houses, 
men, and cattle, or burying them deep 
down benc^ath its mass. Here, again, 
the mere pressure of the air caused by 
the fall of snow dislodges blocks of 
stone and hurls away houses and 
trees on either side. 

In the eighteenth century the whole 
village of Lt'ukerbad in Switzerland 
was destroyed by an avalanche which 
buried the houses beneath .such a mass 
of snow that only very few of the people 
buried alive were able to work their 
way out to daylight. One boy, Stephen 
Roth, was imprisoned for a whole 
week in a corner of a cellar. He could 
do nothing to break from his icy 
prison, but he sang hymns and psalms as 
loudly as could, and was eventually 
hcarcl by some cMicrgetic diggers, who 
freed him, but the experience he had 
gone throilgh was so terrible that he 
died within a week. Altogether 55 
human lives were destroyed in this 
catastrophe. 

A few weeks later another avalanche 
occurred at Obergestelen in the Valais, 
when 1 20 houses and stables were over- 
whelmed and 84 people with 400 head 
of cattle were killed. In the last 
couple of hundred years many thousands 
of people must have been killed by 
avalanches in the Alps alone. The 
same thing, of course, occurs in other 
great mountain ranges, but in such 
mountains as the Himalayas and the 
Andes Uie loss of life is much less, 
as the valleys arc not so populated 
as are the Alpine valleys. 

A Village Overwhelmed 4 

When the whole village of Ruaras in 
the Orisons was buried by an avalanche 
over a hundred people were over- 
whelmed, but as the avalanche came 
down in the night when all the people 
were in bed the loss of life was less than 
it would have been had the fall occurred 
in the daytime. At first the pecjple, 
finding everything dark, thought how 
interminable the night was, but at 
last some, getting up, discovered that 
the village was buried under a moun- 
tain of snow. The men got to work, 
and eventually sixty people were able 
to dig their way out. 

Often the compression of the ait 
caused by the fall of an avalanche 
completely uproots the trees of a forest, 
snapping the trunks like matches. 

Of course, those areas where 
avalanches are pretty certain to occur 
are avoided by human beings. But 
frequently the unexpected happens, 
and an avalanche that falls upon 
a village may be the first that nas 
occurrra there in human memory. 
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THE WAY AN EARTHQUAKE OCCURS IN ENGLAND 



Earthquakes do not happen very often in England, but from time to time they occur, and sometimes the effects aie lelt over a very 
Jarge area. This picture sliows the probable cause of such an earthquake as that of June 7th, 1931, which was felt almost everywhere 
in the country. In the North Sea, which is mostly so shallow that if St. Paul’s were stood on the sea-bed the cross would appear above 
the surface of the water, there is one place with a great hole or chasm some 300 feet deep. This, it is believed, was the centre of the 
earthquake, and what happened was probably that beneath this hole there was a fault or crack, and the rocks for a long way down slipped. 
That jerked the Etarth’s crust, and waves or vibrations were sent in all directions, as .shown in the picture, shaking people in their beds, 
rattling crockery, and so on Where the vibrations reached the sea they would be transmitted upwards, as shown here. 


WHERE EAST MEETS WEST 


I N the gioinuls ol Gre<*iiwic'Ii Ohserv.itory 
IS a tablet niaiUed “ CHroenwich Men- 
ami si: it'll lists iniagiiie a line going 



The Meridian mark at Greenwich 


lOiincl the whole Earth p:issing through 
this spot. That half of the line or circle 
on our side ot the Earth is known as the 
Meridian of Greenwic*h The word nieridian 
is .sonii'l lines used tor the whole circle and 
sonietnnes tor only half the circle. 

It IS here ih.it E.ist really nieels West 
anil as you stand upon the line facing 
till.' talilet and looking North, everything 
sei»n on your nght-liaiul is J'’ast and I'very- 
tiling on the lett-hand is West. You can 
stand with one toot m the East and the 
other tool in the West. 

As the Earth turns rouiul the Sun rises in 
the h'ast till it readies its greatest height 
above the meridian and then it gradually 
sinks into the West and di.sappears. 
When it is at its greatest lieight above the 
nieiidian the time is niiddav : m lact, 
the word ’* meridian ” really iiu'an.s 
midday, and. in addition to being the 
name of this imaginary line on the 
lilarlh's stir tarn, it is also the name 
givi’ii to an imaginary line in the heavens 
exactly above, the geogia])liical meridian 

It the Earth were a perfect globe the 
meridian w'oiild be an exact ciide, but 
iis the Earth is somewhat llatleiied at 
the I’oles, the meridian is not a circle but 
ail ellipse. 

As a lesult, when the nieridian circle is 
marked otf into 36a degrees by tlie 
parallels of latitude, those imaginary lines 
going round the Earth parallel to the 
Eipialoi, the divisions or degrees become 
shorter as we approach the ecpiator and 
longi!r as we travel towards the poles. 


RAIN-MARKS A MILLION 
YEARS OLD 

I T IS a marvellous thing that w'e can hold 
in our hands a piece ol stone pitted 
with the marks ol raindrops that tell a 
million or more years ago. Not oiilv so. 
but bv the fact that one .side ol the 
impression is deeper than the otliei. we 
can tell in wliidi direction the ram lell 
and the w'lnd was blowing 

On a mnddv bi*acli in the fai distant past, 
at low tide a lainstorm came on and the 



The imprints ot ancient raindrops 


impressions were left in the mud. Then 
the Sun shone upon the mud and dried 
it IkirI On the return of the tide 
these marks were tilled up w'ith fresh mud. 
Eater on the whole beach was raised above 
the level of t he sea, and now. when wo are 
digging, we come across the imprints. 
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Cities and towns in the past haw had a habit of constantly Retting buried. Wast^e and rubbish accumulated without being cleared 
away as it is in these days, and when a new road or a new building was wanted it was made on top of the rubbish and what wm 
there before became buriwl. It is really fortunate for us that this was the case in old days, for, as a result, we are able to dig do^ in 
London and other cities and find many fascinating and interesting things that belong^ to our ancestors. The tendency of cities to 
become buried is manifest even to-day. In the older parts of our big towns we frequently have to step down from the street level into 
TshS or housi! because the road, as the years have gone by. has been made up higher and higher. In London we can dig down and 
come to the remains of the Saxon city, then to Roman London, and still lower down we find the remains of the »one Age men. If with a 
cheese slice we could cut right down through the City of London and open up a complete section we should we something like 
* this picture drawn by Mr. L G. Goodwin. The successive toyers as London has risen age by age would appear before our eyes. 
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THE STORY OF HOW THE CAVES WERE FORMED 


I N ni.'iny parts ot Hiiglanci and oihei 
count n(.*s tticrc arc sctics of caves, 
gcneully m linHistone rock. In 
some cases llieso raves may extend lor 
miles, and aie found one below the other 
decorateil and festooned with stalac 



A tault or crnck enables water to percolate 
through the strata 



Chemicals in the water eat away the rock so 
that pockets and caves are formed 


iites and stalagmites, which are like 
icicles and pillars made of rock. Such 
caves are always a great attraction to 
holiday-makers, who like to visit them 
and wander through their fantastic 
chambers. The story ol how the caves 
were fonntjd is an interesting one. 

First of all the rocks cracked, per- 
liaps through an earthcpiake. Tliis made 
an nfxinirig through whiipli watet petco 
luted and. a.s it tric kled down the crack, 
gradually dissolved the material of 
the rock until the crack became wiilcir. 

At certain parts of the crack the 
water accumulated and dissolvcxl mote 
and morct of the rock until a little 
opening was formed, lieie the water 
gathered and ate away the hard material 
till the first cave was excavated 

The Toll of the Trickling Water 

But the water went on trickling down 
t he crack and liegan anothc'i cave lower 
down, and still later on anothei. 'i'he 
upper caves Ix^canic bigger and bigger, 
and as the water, with the rock material 
di.ssolved in it, dripjxxl from the roof 
and evaporated, it left a small portion 
ot the rock on the spot it fell irom. 

The reinamdcn of the water on n^at h- 
mg the floor also evaporated, leaving a 
liny portion of rock. This having gone 
on for thousands of years led to the 
(ormatiou ot the stalactites or hanging 
tails ol rock suspended Irom the lool 
an<l the stalagmites or pointed pillars 
of rock standing up from the floor 

Pure water does not easily dissolve 
mineral mattei, but when rain falls to 
the earth it i.s not pure, ioi in passing 
through the atmosphere it dissolves 
some ol the gases in the air and tiien as 
it percolatcjs through the soil it takes 
up other matter, and is then capable 
ol dissolving' mineral matter. 


Lime.stonc is the most soluble of alt 
the common rocks, and that is why most 
of the big caves that are found are in 
limestone. In the Mammoth Cave of 
Kentucky there are over 200 miles of 
passage-ways and manv large chambers. 



3 The caves increase in size and number and 



The caves continue 10 increase, and the root 
of the top one tails in 


WHAT HAPPENS WHEN THE WAVES REACH THE SHORE 



This picture shows us exactly what happens to the waves of the sea when they reach the shore. The.se waves ere caused by the 
wind blowing on the surface of the sea, but as they get to where the beach slopes up the bottom interferes with them, and they grow 
higher in proportion to their length. The front becomes steeper until at last it topples over and the water is hurled forward as surl 
or breakers. These breakers .strike the shore with great force, and then the water begins to flow back along the bottom, forming a 
current or undertow so strong that it is often a danger to bathers, who are caught by it and held under water. As the water flows back 
It carries with it rocky fragments of various sizes which have fallen from the cliffs, the larger fragments being dropped first and the 

smaller ones being carried a considerable distance from the shore. 
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iMarvels 0FCHEMISTRY& Physics 


THE MYSTERIES OF BALANCE 

Children who build houses with toy bricks know how difficult it is when the building gets high to preserve the 
balance so that the bricks will not fall over. It is difficult, too. at first, to learn to ride a bicycle. We seem top- 
heavy and fall so easily. The mysteries of balance are very interesting, and here we read something about them. 




I T is quite <jasy for us in the ordinary 
way to maintain our balance and 
n^main iij^right. But sometimes 
when wc are reaching lor a thing we 
overbalance and fall. Thai is why it is 
always very foolish to lean out of a 
wiiulow. We never know exactly when 
our balance will be lost and, if wc arc 
Ic'aning lorward and our feet slip a 
hi tic. we may quickly overbalance and 
tall out. 

What exactly is it that enables us to 
keep our balance and what is it that 
causes U'li at times to overbalance' ? 
HoMf is it that most of us find it very 
difficult to walk with a book balanced 
on our head, while some men, like tlujsc* 
fruit porters at Covent Cianlen Market 
in l.ondon, can walk and carry a dozen 
or more baskets on their hc'ads withoiil 
letting them fall ? To undtjrstand these 
things we must know something about 
the myst(Ti(‘s of balance. 

Take an ordinary whipping top and 
stand it on the ground with the peg 
upi>eiTnost. ll will remain in that 
position unless somebody gives it a 
hard kiujck. Tt is what wo rail in 
stable e<iuilibrium. ICcpiilibrium is a 
Jong and dilficult word, but it eom(‘,s 
frtnii two I. at in words meaning '* <*qual " 
and “ balance," and " equilibrium " 
moans " evenly balanced." 

Three States of Balance 

Now let us take the whipping top and 
balance it on the point of the peg. It 
will be exceedingly difficult to do this, 
and if we do sncccxul, the least touch or 
pull f)f air will cause it to fall over. 
Wlum balanced on the peg the top is 
saitl to be in unstable equilibrium. 

Make a third experiment and lay 
tne top on its side, ll will remain 
still unless the wind blows it or some- 
body touches it. when it will roll along 
for a certain distance and then rest in a 
similar position on its side. This state 
is said to be one of neutral equilibrium. 

Now what do these three terms really 
mean ? Well, before wc can understand, 
we must know something about the 
force of gravitation, that is, the pull 
which the earth exerts upon everything 
on its surface. 

Take a rod. This rod is made up of 
a number of small particles, and the 
earth pulls e,very one of these towards 
its centns. But as the various particles 
are held together in the rod by a force 
which is known as cohesion, there is 
one point in the rod where the earth's 
pull 011 the various particles m»ay be 
said to be concentrated. This point is 
known as the centre of gravity. 


Every object or body has a centre 
t.f gravity, and it is the spot where 
tlie body can be balanced if it is rested 
'jii a ]K>int, or if it is suspended from a 
string. 

W(' may test this for ourselves by 
taking a piece of cardboard. Siisiv.'ud 
it fn^m any point, and when it cijines to 
n‘st, draw a continuation of the string 
as a straight line on the cardboard, 
Now snsfiend the same piece of card- 
board from any other point, and when 
it comes to rest, again draw a continua- 
tion of the string. The place where the 
two straight lines cross will mark the 
centre ol gravity. 

Of course, if the card has any 
substantial thickness, the centre of 
gravity is inside its substance, but ii we 



This cart can travel safely on the slope because 
a line from its centre of gravity falls within its 
base as shown 



take a thin piece of cardboard the thick- 
ness does not matter, and by placing the 
point where the lines cross on the point 
of a pin or needle held vertically, we 
can balance the cardboard. *No matter 
what shape the card may be. we can 
always find the centre of gravity in this 
way. ‘ ' 

Tlu' centre of gravity of a solid Viody, 
such, for instance, as an apple or 
orange', can be found by suspeuiding it 
in three places and st icking ])ins through 
the fruit in continuation of the string. 
The point where th<‘ three pins cross 
inside the orange or apple will be its 
centre of gravity. 

Here we must notci one. rather curious 
fac‘t. It is that in some bodies the 
centre of gravity is not w'ithin the 
siibstan(*e nt all. This is the ease, for 
e.xample, with a ring. Its centre of 
gravity is somewhere within the sjiace 
w hich the ring encircles. 

Toys that Teach 

Let us come back to the question of 
equilibrium. 

A body is in stable equilibrium when 
it l('nds to return to its original position 
if it is slightly tipped out ol that 
position ; or in other words, it is in 
stable equilibrium if tipping it slightly 
tends to raise its centre of gravity. It 
is in unstable equilibrium if a slight 
tipping causes it to move from its 
original f)osition, or in other wrords, if a 
slight lipping lowers its centre of 
gravity. 

The body is in neutral equilibrium 
when a slight displacement neither 
raises nor lowers the centre of gravity 
and the body after displacement neither 
returns to its original position nor moves 
farther from it. The higher the centre 
of gravity is over the point of support 
of the body, the more unstable it is. 

There is a children's toy which 
consists of a body made of some light 
substance, such as cork, with a piece of 
lead attached to one of its extremities. 
If the body be placed on the light end 
it will immediately invert its position. 
The botiy is usually painted outside in 
the form of a man, and if he is stood on 
his head he at once turns over and comes 
to rest upright on his feet, the reason 
being, of course, that the piece of lead 
is where the feet are, and the body 
brings itself to rest in a state of stable 
equilibrium. 

Another well-known toy is a balanc- 
ing man, to which is attached a lient rod 
with weights at the ends. The man 
can be easily balanced on the point of a 
finger because the weights at the ends 
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How to nrid the centre ot gravity 


;)f lJ)r H)fl liic* centre of f^nivity 

hclow tiu' point ol sn])port, and tlie 
Jifiiire is tijcn in a slate of stable 
«<jnilil)rnim. It is this principle that 
tMiables a tight-ro])e walker to keep 
nprij^ln as he walks aloii^4 the rope 
with a lr»n^ rod heavily weighted at the 
ends Without the rod he would not be 
able to keep his balance. 

Motor-buses are so constructed that 
the bulk of th(' weight is If)w down, near 
tlie axles ot the wheels. The bus with 
its double deck may look very top 
heavy, but with the centre of gravity 
M) low down it is not n ally so. Tilting 
tests fire carried out when tin* buses an* 
biiiU, and it is tistonishing at what a 
sharp angle the bus can lean ovei 
without tailing coinplelcly on its side. 

A vertical line drawn from the centre 
of gravity' is called its line of direi tion, 
and the position ol this line has an 
important relation to the stability of 
the body If it fall within the base, the 
body will rtJinain firm. Hut if the line 
tali "outsidi^ the base the body will turn 
ov(‘r. This is the principle carried 
out in con.struct ing ;uid testing bu.ses. 

It also explains why when 


empty on a slanting hillside with 
perlect safety is liable to topple ovtir 
if it is loaded with goods that reach 
very high up. The goods naturally 
raise the centre ol gravity of the 
vehicle with its load, and the line oi 
diiection now falls outside the wheels. 
A slight jerk or push will overturn the 
whole concern. 

A ship caught in a squall at sea will 
often capsize if it has not snflicient 
ballast in its hold. That is why a 
ves.scl, rather than travel home omfity, 
if it cannot get a cargo will take in 
stones as ballast. The centre of 
gravity is then brought low in the 
vessel and, like the child's toy consisting 



The little man who stands upright on the tip ot 
your finger. The weights at the ends of the rod 
place his centre of gravity below his feet 



The bird that balances on its beak 


bottom of the vessel might be repaired 
Suddenly the wintl caiiglit the ship and,, 
being in unstable eciiiilibriiim, she was 
in a inonient turned right over. Her 
ptirt holes were open, and tJie w'ator 
rushed in and .she .sank. ! 

Accidents in rowing boats brought 
about by people standing up to change 
places are also caused by neglecting 
the principles of balance. Here, again,' 
the centn; of gravity is raised, an^i it 
di>es not take much to overturn the 
boat. 

The mason and bricklayer aie very 
careful to <d>s(Tve the laws of balance 
when they are electing a building, and 
may be constantly seen using the 
plumb-line to be sure that the wall i- 
straight If it leaned inward or oiit- 
w’ard it would be liable to tumble ovci, 
like the j)orler‘s pile of baskets. The 
famous Tower of Visa in Italy, which is 
I go feet high, leans about 12 Icct out 
of the jierpendicular at the lop, but 
it does not (all because the line ol 
direction is still within the base. TTie* 
same is true of another leaning tower 
at Jk>logna. 

When wc walk on stilts \\c 


wc* carry a heavy load on our 
shoul<li‘r.s or in one* Jiand we 
lean forward or to the side. 
We do this to ])lace tlie com- 
liined centre ol gravity of our- 
selves ;ind the load in a stable 
position. 

i)l Course, tlie lower down 
in a body the centre of gravity 
is the more likely is a line 
drawn fn>ni that centre in the 
directum of the Eartli’s centre 
to fall within the base of the 



raise our centre rif gravity, 
and so the walking is much 
more dillicnlt than wlien wo* 
are on our feet on the ground. 
A person v/lio stands on one 
leg usually holds the Cither one 
out behind or in front and in- 
clines his body so as to adjust 
his ccuitre of gravity. The 
swaying motion of the body in 
walking is due to the fact that 
as we change the base from 
one foot to another we must 


ImmIv. Tlii>t is why very often * device tor showing the three states ol equilibrium, stable, neutral atljnst o\ir centre of gravity tc 
a vehicle that can travel and unstable kwp our balance. 



A boy's whipping-top seen in tlie three states 
of equilibrium 


a little man which when kncK-ked 
over regains his upright position, it 
easily recovers as it is .swayed up and 
down by the wind and wav’es. 

Stcamlxiats loaded with passengers 
ha\ e been capsized before now by all 
tJic people oil deck rushing to one side 
to sec something, and thereby cdianging 
the centre of gravity of the vessel. 
Something like that hap])ened in tlic 
case of the warship Koval George, 
which capsized at Spithead on August 
29th, T782, with the loss of nearly 
800 lives. The vessel had been heaved 
over on one side bv running all her 
guns to that side, so'^that a leak on the 
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These boys asrrying burdens have to bend ta^ 
get into stable equilibrium 





THREE STRIKING EXAMPLES OF BALANCE 



^ -4. PArd^n And other markets have regular competitions to see which of them can carry the greatest number of fruit 

Of cour^he taller the?Ue the more difficult is the feat, for as the height of the pile gro^ the centre 
baskets witho^ droppg y carrying them is raised, and the tendency for the pile to fall over is increased. Success comes 

of gravity of the and ^ ^ the pile falls 

th^man’s feet the greater chance there is of a collapse* though sometimes a fall is prevented by the cohesion between 
outude tried to ci«y toeh lof^Ues of b»kets realUe how difficult the feat really is 


C X 


TWO OPTICAL INSTRUMENTS EXPLAINED 





Here we see how the magic lantern throws an enlarged picture of the slide on the screen. The lantern is a dark box containing a 
light. In this case a limelight is shown, where a flame of coal-gas intensified by having a jet of oxygen directed upon it is made to hea? 
a cylinder of lime to incandescence. A reflector concentrate.s the light. In front of the box is a large lens or combination of lenses known ^ 
as a condenser, and its work is to arrest the diverging rays of light from the lime and direct them upon the slide. In front of the 
slide is a double tube containing one or more focussing lenses, and light from each point of the slide passes through the focussing lenses 
and throws an inverted image of the slide upon the screen. A lantern slide is always put in upside down, so that it may appear 
the right way up to the spectators. To get the picture clear, the tube containing the lenses is slid in or out in order to focus the rays 



Most of us have been inside a camera obscura, the little wooden hut at the seaside in which 

on outside This picture shows how the moving picture is obtained In the rnof nf tti* ^ reflected on a table all that is going 
which catches a reflection of the scene U a«c?.^ on to a lew wS^^^ 

tew U thro.. b. 1. »U1 d«tew, w/te, L iwf, W.S3 SSiS' Jtar'c^SS.2',.22: “* 
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THE MYSTERY OF THE RED KING’S DEATH 

Who shot the arrow that laid low William Rufus, the second of the Norman Kings of England ? He was hunt- 
ing one day in the New Forest when an arrow pierced his breast, and his companion, Walter Tyrrell, galloped off 
with all speed to the sea-coast and took boat for Normandy. The story that became current was that Tyrrell, 
in shooting at a stag, had killed the King by accident, but rumours were not wanting that William's brother 
Henry had had something to do with the death. Here is the story of this mystery of the New Forest. 


W ii-LiAM Tiiii Conqueror was a 
hard and cniel king. He had 
oppressed the English, ami it 
was through his cruelty that he met 
his death in Normandy. 

Stung by a joking insult of the French 
king, Phili)), he determined to take a 
terrible* vengeance, and gathering an 
army marched into France. The wdu*at 
fields were, ripe and ready for cutting, 
and the trees were loaded with fruit. 
William ordered his soldiers to destroy 
everything as they marched. He sent 
his cavalry to trample down the corn- 
fields and" ordered his (or)l soldiers to 
tear up the vines and cut dowm the 
fruit trees. 

When he came to the first town on 
his route, wdneh vras Mantes, ht? had it 
set on fire and then went 


urged him to make his will. He had 
quarrelled with his eldest son, Robert, 
who was absent from the bedside, but 
he had already bequeathed the duke- 
dom of Normandy to him and made no 
attempt to disinherit him of this. 

“ As for the Kingdom of England,*’ 
he said, ” 1 bequeath the inheritance 
of it to no one, for the inheritance 
thereof was not be(|ueathed to me. 1 
acquired it by force and at the cost of 
blood. 1 leave it in the hands of (Jod, 
only wishing that my son William, who 
has been submissive to me in all things, 
may obtain it if he pleastj Ck>d and 
prosper." 

" And what do you give me. 
father ? ** asked his youngest son, 
HtMiry. 


to make sure ot the crown. Everyone 
called him Rufus, or the Red, because 
of his very red face, llis hair was not 
red, but yellow. 

At last, as the sun was rising on a 
September morning and painting the 
sky with its glory, William the Con- 
queror was awakened by the sound of 
bells, and asked what they meant. 
He was told that they wen* ringing 
for the early morning" service in St, 
Mary’s Church, and hearing this he 
lifted up his hands, now very feeble, 
and exclaimijd : “I commend myself 
to my Lady Mary." Then he in- 
stantly fell back dead. 

Nobody worried about the great 
Conqueror now. The doctors and 
courtiers hastily mounted their horses 
and rode otf to look after 


to the .scene of the tragedy 
to feast his eyes on the 
.spectacle. 

The King's Horse Stumbles 

Hut retribution overtook 
liiin. As he was gc'illoping 
over the ruins his liorse 
step]H*d upon some burning 
timber (oncealed by ashes, 
and stumbled, 'flie King, in 
his tail, was injured, and as 
he was tired with riding 
and shouting and suffering 
from the heat of the fire, 
the womul proved danger- 
ous. aud it was not long 
befon* he had to be car- 
ried back to Rouen. 

He IjecaiiKi worse, so bad, 
indeed, that he could not 
endure the noise of the 
city, and so was taken to 
a monastery outside the 
walls, w'here he could be 
quiet. Doctors and priests 
did all they could to 


A workman arrived with six new arrows for the King 



their own intcre.sts. The 
servants ransacked the 
place for arms, clothes, 
ve.s.sels, and other articles, 
and also lied. The great 
Conqueror’s body was left 
lying on the floor for several 
hours. 

A Voice Rings Out 

At last some f»f the clergy 
approached the body with 
crosses and censers, and 
praying for the soul of the 
(lead man, conveyed his 
l>ody to Caen, where it was 
buried in the ('hurch of 
St. Stephen. 

But even in death the 
Conqueror was not to have 
peace, for at the funeral 
while the service was going 
on a loud voice rang out ; 
" Clerks and Bishops, this 
ground is mine ; upon it 
stood the house of my 
father. The man for whom 


minister to his body and soul, but 
finding he grew w'orse rather than 
better. William began to feel remorse 
and sent large sums of money to re- 
build the churches of Mantes which 
he had burned. 


" I give thee,” replied the King, 
" five thousand pounds of silver from 
my treasury." 

" But what shall I do with this silver 
if I have neither land nor home ? " 

" Be quiet, my son, and trust in 


you pray wrested it from me to build 
thereon his church. I have neither sold 
my land nor mortgaged it, nor luive I 
forfeited it. nor made any grant what- 
soever of it. It is mine by right and I 
claim it. In the name of God I forbid 


He also sent money to the monas- 
teries of England for distribution 
among the poor, and to make up to 
some extent for the many robberies he 
had committed in the conquered 
country. Many of the Saxon English 
who were languishing in prison were 
S(jt at liberty by his orders. 

But it was all no use. The King be- 
came worse, and his sons and followers 


God. Let thy elder brothers go before 
thee. Thy turn will come after theirs." 

Thereupon Henry left the bedside to 
make sure of his five thousand pounds 
of silver. He was very careful to have 
the metal weighed, an(i then placed the 
money in a strong chest with plates of 
iron and good locks on it. 

William, without waiting for his 
father's death, rushed off to England 


you to lay the body of th«? spoiler 
therein or to cover it with my sod." 

The speaker w^as one Asselin, and 
many present confirmed the truth of 
his words. The bishops suspended 
their service and made a bargain 
with the man to pay him a fair price 
for the ground. Then the funeral 
went on. and the Conqueror's body 
disappeared from sight. 
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ROMANCE OF BRITISH HISTORr 


William Kufiis, on his way to 
rCiif-tlaiul, was ovtTlakcii and inlorniod 
f>l his f:itlic‘r*s death. The news did 
not worry him. He hurried olf t<j 
Winchester, where t]l<^ royal treasure 
lay, and f?aininft ov(‘r hy his proniis(*s 
the IvoepiT of the Treasury. h<; ob- 
ta!n(‘d pcjssossion of the keys. The 
Treasury was lound to consist of sixty 
thousand ])oiinds of silver 
with a larife (pianlity of 
gold and i(‘W(‘ls 

Williuin called together 
the j)()werlul Norman 
barons who happ(‘Tied t(» 
b(‘ in ICngland at the time, 
and tolil them ol the Con- 
(|ueror’s death, persuading 
them to choose him as 
King. H<* wa.s at once 
aiminti'd in Winchester 
Catlu'dral by Lanfrane, the 
Archbishop ot Canterbury, 
and thus it came about 
that while several Norman 
barons across the water 
wert‘ holding a council to 
decide who should b«' King 
of Mngland, William had 
already seized the crown 
of tJiat realm. 

If possession is nine 
points ol the law, William 
had certainly establislied 
his legal rights. 

False Promises 

He made a \ ery bad start 
as a king by sending to 
prison once more a number 
of Saxon iiobl(\s whom his 
father had recently re- 
stored to liberty, but when 
he knew that the Norman 
barons across the Channel 
liad decided to de])ose him 
and to ])lace on the tlirone 
his elder brother, Huke 
Kobert of Normandy, he 
changed his tone and prom- 
ised his JCiiglish subjects, 
both Norman and Saxon, 
all sorts of Ihinss if tliey “ “*6 

would rally rouiul him and 
help to d<^feat nis enemies. 

He rtJStoHMl to tlu; Saxons the right 
of bearing 'inns, gave them back 
tlieir ancient forest ])rivileges, and 
stopped levying the l*oll 'l ax and other 
tributes which luul been very oppres- 
sive and odious. 

'Hiirty thousand Englishmen rallied 
round thi^ Red King and were given 
arms, and tht‘se, together with his 
Norman knights on horseback, he led 
against tlie town of Rochester, held by 
Robert's friends. The fown soon sur- 
rendiTed, but havuig defeated his 
enemi(?s William came to terms with 
his brother Robert, wdio agreed to give 
up the English throne, and then 
William showed his lru<? cliaracter. 

He withdrew all his promises to the 
Saxon English and once more treated 
them with cruel oppression. W’herever 
he passed in his journey through 
England his servants and soldiers 
ravaged the country. 


When they could not eat all the 
provi.sitjiis which they found in the 
houses of the English, they compelhid 
the owners to carry them to the nearest 
market and scdl them, and they seized 
tlie money that was reali.sed. At 
other times they would burn the food 
as a [xistime. and when they found 
more drink than they could consume 




King was about to start off a monk arrived 
from the Abbot 


thev used to wash their horses' feet 
and legs in it. 

" 'I'heir ill-usage of the fathers of 
families, their insults to the wdves and 
daughters,’* says an old historian, "were 
too .shameful to relate, so that on the 
first ruTiiour of the King's approach 
evt;ryon.e w'ould fly from his dwelling 
and r(!tr<‘at with wdiatever he could .save 
to the de])ths of the fore.sts and into 
desi'rt ] flares.’* 

Eilty Saxons, w’ho by .serving the 
King had retained some of their old 
possessions, were accused of liaving 
hunted in tlui Royal Forests and of 
eating the King's deer. They denied 
the charge, but were made to undergo 
the ordeal of heattxl irons, that is, their 
hands were burned and then bound up 
for several day.s. When they were un- 
bound, if they showed no sign of the 
burning, tlmt would Vm regarded as a 
definite proof that the prisoners were 


innocent. ” Sure enough," so the old 
chronicle says, when the bandages were 
removed the liands were uninjured.” 

But William cared nothing for this 
test. When it was rclab^d that after 
three days the hc'inds of all the accused 
had ap])eared unseared, he exclaimed, 

” What about it ? God is no judge of 
these matters. Such affairs concern me 
alone. It is 1 wlio must 
judge therein.” Is it any 
wonder that this King was 
hated, even more than his 
lather ? 

Yet the Saxon English 
were helpless, and the only 
revenge they could take 
was 1o style him in derision 
” 'the KeejHT of the Woods 
and of the Deer.” 

All sorts f)f sl(iries grew 
up about the cur^e thaf 
fell on N o r m a n s wh^i 
hunted in the New I'ore.sU 
It was declared that tha 
h-vil Oik* under \'arioiis\ 
forms apjie.irrd there and'^ 
that h(; had a tcTiible late ' 
in slortr tor the King and 
his counsellors. 

The Monk's Warning 

And strangely it eame, 
on a July dav, while lie 
was hunting in the New 
I Forest of latetul memory. 

( >n the morning ol the day 
he, with a number ol his 
fav()urites, ale a great 
meal in the castle of Win- 
chester before setting out 
for the chase. While the 
King was lying on his hose 
and joking with his frieiiils, 
'a workman arrived willi 
six new arniws which had 
been onlt‘re«l, 

William e.xammed them, 
praised tlu‘ workmanship, 
and keeping tour for him- 
self. gave the oth(T two 

with a letter '“’rows to SirWalter Tyrre ll 
saying laughingly, A good 
marksman should h a v e 
gooil arrows.” 

Walter Tyrrell was a French knight 
who ownied large lands in tlie country 
of Poix and in Ponthieii. He was the 
King's greatest friend, if such a man as 
William Rulus can be said to have liad 
a.ny friends at all, and certairilv he was 
the monarch's closest attendaiit. 

Just a.s the hunting party was setting 
out a monk of St. I'eter's Monastery at 
Gloucoster rode up and put Into 
William's hands a letter from his 
Abbot. The Abbot, a man of Norman 
birth, sent word to the King that one 
of his monks had had in his sleep a 
dream vvhich had cau.sed him some con- 
cern. 'Fhe monk declared that he had 
seen the Saviour sitting on a throne and 
at his feet a woman supplicating him. 
” Oh, Saviour of the world,” said she, 

” look clown with pity on Thy people 
^oaning ^ under the yoke of King 

Thci Abbot thought the matter ol. 


ROMANCE OF BRITISH HISTORY 


such importance that he felt he had to 
send word of what had happened to 
the King. William, however, was not 
ui)set. He roared with laughter, anti 
cried out, “ Do they take me for an 
Englishman with their visions ? Do 
they think me one of those fools who 
leave their business fuid change their 
c<)urse because an old woman dreams or 
sneezes ? Come on, Walter, let us be off.*' 

In the King's party were his brother 
Henry and several lords, besides 
I'yrrell, but soon after reaching the 
forest the party broke up and only 
Walter Tyrrell remained with the King. 
According to tlui story which was 
afterwards told the two men took up 
their stations opposite each other. 
Each had an arrow on his cross bow 
with his finger on the trigger. 

Suddenly a large stag, driven by the 
beate?rs, advanced btitw^^en the King and 
his friend. W'llliam let fly. but his liow- 
striiig broke and the shaft sped no dis- 
tance. The stag, possibly iright<Ml<^d by 
the sound, stood still and kiokcd arouri<l. 

'File King, anxious that 
It should iu>t escape, nitide 
a signal to his companion 
to siioot. but the latter <lid 
not hre, eitluT not seeing 
the slag or not under- 
slaiidiiig the signal. 

William in his 
impatienc c, call e d out, 

“ Shoot, Waller, shoot," 
and instantly an arrow 
enten*d tlie King’s breast. 

A Hurried Flight 

Who had fired it ? It 
mav have been Walter 
Tyriell. or it may have 
lieeii someone else. It may 
liave lii’eti an accident, or 
tile arrow may liave been 
shot by design. Whatever 
the tnitli about that, 
the King fell to the ground 
without uttering a sound, 
was dead. 

'I'liey say that Walter 
'J yrrell ran in haste to tlie 
King, but, finding that he 
did not breathe, heat once 
rein* >111) t(‘d his hor.se and 
g.dlo])ed w’itb all speed 
to the .sea coast. 'J'hcn\ 
taking boat, he went across 
to Normandy before the 
news could reach that 
country, and then jiassed 
rapidly into French terri- 
tory, where he would be 
out of reach of ^\’iliiam*s 
friends. 

Soon other members of 
the hunting party learned 
what had liappened, but 
they had no concern for the dead King. 
What they wanted to do was to look 
after their own interests, and all of 
them, including the King's brother 
Henry, quilted the forest with all 
speed. Henry rushed off to W’inchester 
to secure the royal treasure, and the 
body of William 'Rufus lay unattended 
on the ground in the forest just £is his 


father's body had lain deserted in tlie 
mona.stery at Rouen. 

Towards evening some charcoal- 
burners returning to their homes came 
upon the body of the King with the 
arrow still in the w'ound. W' rapping 
some old cloths round it they plac<'d the 
body on their rough cart and trudged 
off towards the castle of Winchester, 
the blood dripping along the road as 
they went. In this unroyal, way did 
the body of the second Norman king 
go to its funeral. 

Henry had already arrived at the 
castle, where he was demanding the 
k(‘ys of the Royal Treasury. The 
keepers knew not what to do. If 
William were not dead, it would lx? as 
much as their lives were worth to hand 
over the keys to his brother. On the 
other hand, if he were dead and Henry 
succeeded him, it w’as as much as their 
liv<‘S were worth not to give him Ihe 
keys. The matter was complicated by 
t he fact that , according to arrangenumt s 
of long standing, Robert, the elder 


brother, was to succeed William on the 
throne of England. 

While the keepers were thus hesi- 
tating a Norman knight. William de 
TIreteuil, arrived in l)rcalhle.ss haste 
from the New Forest and began to 
oppose the demand of Henry. 

" Both you and T,*' said he, *' are 
loyal. Bear in mind the faith we 


have promised to Duke Robert, your 
brother. He received our oaths and 
our homage, and whether present or 
ab.sent he has the right.” 

But Robert had gone off to a Crusade 
in th(j Holy I-and, and, although he 
was returning, had not yet reached 
Normandy. As a matter of fact, ho was 
dallying at a Norman castle in Italy. 

A fierce quarrel ensued among the 
Normans at Winchester, but Henry, 
who was a man of action, drew lii.s 
sword and, with the aid of a number of 
friends, soon got possession of the 
royal treasure and the regalia. 

Robert's ])arlisaiis, owing to his 
absence, could make no headway 
against the friends of Henry, who 
hurried off to London and pi^rsiiaded 
the Normans assembled there to choose 
him as king. He was popular with the 
clergy, who soon crowned him, and as 
Henry had been born in England the 
Saxon English preferred him to his 
brother Robert ; and when at his 
Coronation he promised to observe the 
good laws of King Edward 
the Confessor, they gave 
him their support. 

M(‘aiiwhile, what had 
hap])ened To the Red King’s 
remains ? He was loved by 
none, and his private and 
]'ul>lic conduct liad often 
ilrawn forth the condemna- 
tion of the Church, although 
h(‘ had never actually been 
excoinmunicate.d. Out of 
reverence for the royal dig- 
nity, however, the remains 
were buried in Winchester 
Cathedral, iust uiuUt the 
C e n t r a 1 Tower, but no 
religious service was held. 

An Unsolved Mystery 

It was a strange end 
for a king. There was no 
Mass, no bell was lolled, 
and no offerings were made 
by his brut her jor his friends 
for his soul. When, seven 
years later, the cathedral 
tower fell with a crash, 
the popular belief that the 
monarch ' who lay buried 
beruialh it had been un- 
fitted for Christian burial 
was confirnuHl. 

The great mystery of his 
death can never be solved. 
Did Walter Tyrrell shoot 
the King either by accident 
or design ? It is .said that 
he himself denied this. 
There is no y>roof that if he 
shot at the stag it was his 
arrow that])ierced the King. 
Hated by all, it was quite 
possible that some unknown person may 
itave aimed the arrow which piercctl 1 he 
King’s breast. Som ? have even hinted 
darkly that William’s brother Henry 
had something to do with the tragedy. 
He was certainly in the forest at the 
time. Whatever the truth, there is no 
doubt that everyone was glad when it 
was known thatWilliam Rufus was dead. 
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MYRIADS OF GLOWING SUNS IN DISTANT SPACE 




night when we look up into the sky we see that faint band of cloudy light passing across the sky which we call 
the Milky W^. It was given that name because the men of old, not knowing what it was, weaved a story about a stream of milk 
being spilt in the sky. Powerful telescopes and other instruments have shown us what the Milky Way really is. It consists of a vast 
system of glowing suns, most of them far bigger than our Sun It is the universe to which our solar system belongs, and by 


> _ ■7- ^ •m.m - -- — — — W vT.a.ws WM« 9 W,OT* WV«V4«|L9. «Um UJT means 

m California, by whose courtesy this photograph is given, about 1,500 
million stars in the Milky Way can be photographed. Here is part of the Milky Way near the constellation Sagittarius, or the Archer 
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Wonders of the Sky 



THE VASTNESS OF DISTANT SPACE 


Is there such a thing anywhere in the universe as empty space ? Men of science used to believe there was, 
but they have now come to the conclusion that nowhere, not even in the most distant space, is there such a 
thing as real emptiness. Yet the countless millions of stars are so far apart that there is little likelihood 
of their coming into collision. In these pages we read some graphic facts about the marvels of distant space 


W \i often speak of an empty room, 
or an empty box, or an empty 
bottle ; but, of course, these 
things arc not really empty as they 
contain air. By means of an air 
pump we can, of course, extract air 
from a vessel; but, however much 
we pump, wc cannot draw all the air 
out. There is always a small fraction 
left inside the vessel, so that no box 
or bottle can ever be really empty. 

When we come to distant Space, 
the vast regions that lie between the 
stars, things are different. Tlie more we 
study the heavens, the more 
bewildered we become by the 
apparent contradictions. A 
]H*rson with perfect tiyesiglit 
looking up on a clear night 
from the British Isles, can 
see rather more tlian 

3,000 stars. If he travels to 
Australia and looks up, he 
can see more than 3.000 
other stars that were not 
visible in the Northern 
Hemisphere. 

Altogether, with the naked 
eye, we can see from the 
ICarth, if we have very good 
eyesight. 7,647 stars. But, 
of course, a powerful tele- 
scope shows many millions 
more, and the camera can 
record more than the human 
eye. By means of a camera 
attached to the 200-inch 
telescope at Mount Palomar 
Observatory, California, for 
instance, nearly 2,000 mil- 
lion stars can be photo- 
graphed, while there are 
millions more known to 
exist but as yet invisible. 

Now in the hcaven.s there 
are many universes of stars, 
and the one to which our 
Sun and its family, including 
the Eartli, belong is known 
as the Galactic or Milky 
Way : the band of dim light 
seen right across the heavens 
from horizon to horizon, and 
made up of an incredible 
number of stars or suns. 

One astronomer. Dr. 

Shapley of Mount Wilson 
Observatory, estimated 

100,000 million stars in this 
system, but according to 
other astronomers there are 


probably not more than 50,000 millions. 
If wc take the latter figure, then the 
numlxjr is equal to nearly 27 stars for 
every person living in the world to-day. 

Yet, as Sir James Jeans says, the 
(ialactic system “ no more contains 
all the stars in Space than one luuise 
contains all the inhabitants of Grcjat 
Britain. There arc millions of other 
houses and millions of other families 
of stars." What an amazing thought I 

With so many millions of stars, we 
might think that Space was crowded ; 
but, as we see on page 42, it is really 


emptier than anything \ve can imagine. 
It is no more crowded than Europe 
would be if the only living creatures 
in that continent were Lhret* wasps ! 
The reason for this is that Space is so 
incredibly vast. 

It is no use sjwaking of the distance 
of the stars in miles, for the numbers 
would 1)6 too large, so astronomers 
always reckon these great distances 
in light-years, a light-year being the 
distance that light travels in a year. 

The speed of light is about 186,000 
miles per second, so a light-year is 

5,876.068,880,000 miles. 

Now the nearest star, one 
seen in the Southern Hemi- 
s])hercand known asProxima 
(^ntauri, is about four and a 
quarter light-years distant 
from us, or 25 million million 
miles. There arc, however, 
stars which are tens of 
thousands of light - years 
away, and Ix'yond those 
others still more distant. 
Every increase in the power 
of the telescope ouabkis still 
larger numbers of distant 
stars to be photographed. 

The Milky Way, to the 
naked eye. looks like a blur 
of fog, but wlieii it is photo- 
graphed through the great 
telescope at Mount Palomar 
wc see that it is made up of 
individual stars. I'hey ap- 
jxjar only as points of light, 
but most of them are far 
bigger and brighter than our 
Sun. It is distance that 
makes them appear so small. 

Of course, we know from 
our experience in everyday 
life that a big thing appears 
very small when it is a long 
way off, and a small thing 
may appear big when it is 
close to our eye. For in- 
.stance, if we stand at the 
window on a moonlight night 
when a full moon is shining 
and hold a halfpenny up an 
inch or two from our eye, the 
coin, which is only an inch 
in diameter, will quite blot 
out the moon, which is 2,160 
miles across, and this again 
blots out millions of z^es 
of Space containing stars 
away in the distance beyond. 



The size that a fhii^ appears depends upon its distance from us. 
The Moon looks as big as the Sun in the dsy, but that is only because 
it is so much nearer. A boy can hide the Moon by holding a half- 
penny in front of his eye, and similarly the Moon can blot out an 
area of distant space hundreds of millions of square miles in extent 
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WONDERS OF THE SKY 


As wo look up in tlio sky Ihc Sun and 
Moon €ip|M*Jir about <h<' saiiK* size, 
])iit tJje (lianu'ter of 11 i<’ Sun is more 
than .joo liiiU's Krc‘:itLT tluin that ol the 
Moon. It a]>|)oars smnll. however, 
because it is m'arJy ^oo tirnt‘S more; 
clislant. 

In the old (lavs nuMi had straii/;^o 
idias alxuit Uk*' Milky Way. 'I'he 
Oiientid peoples n'l^arded it as a silv«‘r 
river whose fisli W('re frij'htened by 
the new moon which they imaj.on<‘d 
1 <i ho a hook. f)iir Norse forelath<‘rs 
knew it as the j)a 1 h to Valhalla, along 
which went tin' souls of heroes who 


has run in the minds of the poets, 
(^iir own Milton says : 

A hru.'irl and ample road whose dust is Kold, 
.Aijfl pavement stars, as stars to thee appi^ar 
Seen in llic j?alaxy, that milky way 
n’Jnch nightly as a circling zone thou seest 
I’fnvdercd witli stm-s. 

But while it was known that the 
Milky Way went right round the 
] leave ns like a ring, its true characlt?r 
was only first diseerned, and tlien but 
diinlv, by Sir William Ifcrsehcl jii.st 
over" 120 years ago. He imagined 
the (kilactic system to Ih' like an 


way along a spoke, perhaps something 
like a third of the way from hub 
to rim.” 

The wheel— that is, the Milky Way 
system — ^is rotating in space round a 
point about 50,000 light-years from 
our solar system. It is because of this 
rotation that the Galactic system 
is able to retain its shape of a len.s or 
wht‘el. If it were not for the rotation, 
the outer stars would be drawn in 
towards the centre till they were 
united in a bunch. The stars of the 
Milky Way are clustered thickest near 
the ('cntre or hub, where th<^ tele- 



Some astronomers believe that there are over 300,000 million stars in the Milky Way system alone, and these are all moving at great 
speeds. Why is it that they do not collide ? Sir James Jeans says that space is so vast that it is emptier than anything we can imagine. 
If only three wasps were left alive in the whole of Europe, as shown here, the air of Europe would still be more crowded with wasps 
than space is with stars. We can understand how almost impossible it would be for three wasps flying about in Europe to meet 


fell in bnltle. As \\q know from 
Longfellow’s “ lliawatlu,” ilu* North 
Amcriian Indians believed it to be 
the brt»ad while road ;dc>ng wdiirh 
Ihe ghosts »>f tlie departt'd Inivelled 
in crowds to the band of the hereafter. 

its r<ail n.itiire was not known 
till the great Galileo turned his tele- 
scope upon the Milky Way and found 
that i1 was a (‘loud of faint stars like 
shining dust figainst the dark back- 
giouiid of the sky. This idea of dust 


enormous cartwheel, with the Sun at 
th(‘ hill) and spokes of stars linking 
this np with ihe rim or band of the 
Milky Way. Scientists now believe 
that this great system is sliaped rather 
likti a lens than a wheel, but it is to 
llerschel that we owe the beginning 
of the idea of what the Milky Way 
really is. Astronomers have since 
discovered that the Sun is nowhiTo 
near the hub of the wJieel ; rather it i.s, 
as Sir Jame.s Jeans .suggests, ” part 


sco]>e in conjunction with the camt*ra 
shows a great cloud of stars in the 
region of th<j constellation Sagittarius, 
or t he .\rcher. 

It is well that wc should realise 
something of the marvels of Space, 
and in otluT parts of this book we 
learn that men ol science have in recent 
years discovered that the Space between 
tlie stars is not empty, as they thought, 
but filled with gas : and further, that 
this gas is not cold, but intensely hot. 
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THE EARTH’S REAL PATH THROUGH SPACE 



We always speak of the Earth’s annual journey round the Sun as being in an almost circular path or an ellipse, that is, not quite a 
circle. Of cour^, in giving diagrams of the Earth’s surface, the ellipse is greatly exaggerated. But the Earth’s orbit is an ellipse 
only if we consider our planet's relation to the Sun itself. Actually the Sun is travelling through space at the rate of about eleven 
miles a second towards the bright star Vega in the direction of the constellation Hercules. The result is that if we could go away into 
space and watch the Earth in its journey round the Sun, the path would look very different from the ellipse which is usually drawn in 
our geography and astronomy books. This picture shows what the Earth’s yearly passage really is like. Our planet goes round the 
Sun, it is true, if we consider only the Earth and Sun, but when we take into consideration the Sun’s journey through space, then the 
Earth’s path as viewed from a distance would appear as shown here, a series of loops 


WHAT A MAN WOULD WEIGH ON DIFFERENT WORLDS 


\vi’ s;iy a iniin weighs twelve 
stonrs, we mean that the. pull of 
the Jiarth, or gravitation, as w<r 
call it. exerts a force of twelve stones 
upon thr niattf:r in his body ; or, in 
oilier wtirds. the attraction of the hlarth 
jiulls hi> body in the direction of its centre 
with a fori.<’ eijiial to lON pounds. 

Nov the ]nill of the Karth, or any other 
planet oi heavenly body, de]>en<ls upon 
its siz and the amount of mutter in it. 
'I'hc s lalliT and ligliter the | anet, the 
less it pull, and therefore thr ' ‘ss a man 
would weigh on its surface. 

b'or example, a twelve stone man on the 
Moon would weigh only two stones, 
but on Jupiter lie would weigh ji stones. 


and il it were possible for him to exist 
on the Sun, he would there weigh two tons. 
On the other hand, if he could go to one 
of the small asteroids or, as they are more 
correctly called, minor planets, which 
circle round the Sun Ijctw’cen Mars and 
Jupiter, the twelve-stone man would 
weigh only four ounces. 

As already .stated, it is not merely 
the size of the w’orld that affects its 
pull on bixlies at its surface ; it is its 
density as W'ell. Suppose; the Earth, with 
its ])re.sent size, had its matter so clo.sely 
packed together that il were as heavy as the 
Sun is now ; then a pound on the Earth’s 
surface would weigh 324,000 pounds, and 
a young girl whose present weight is 
110 pounds would weigh 16,000 tons. 

It is quite possible that there may 
cxi.st worlds of w'hich the mass is so small 


and the motion of rotation so rapid that 
the centrifugal force would overcome 
tlie gravity, and Ixidies would weigh 
nothing at all. I'he intensity of gravity 
at the surface of the different planets 
varies very greatly. If we reckon the 
pull of the Earth as i, then the Mrjoir.s 
gravity is only o.t6 ; that of Mars 0.38 ; 
that of Mercury 0.2O ; Venus o.yo ; 
Dranus o.oO ; Neptune 1.0 ; Saturn 1.13 ; 
Jupiter 2.(»4 ; and the Sun 28.0. 

As already explained on page 15 of this 
book, the reduction in the pull of gravita- 
tion would mean that a man could do 
much more in the way of work or physical 
exertion. If on the Earth he could carry 
1 cwt., on. the Moon he could carry 6 cwts., 
and on some of the minor planets he could 
carry nearly 34 tons. He would Ije able 
to jump over the cross of St. I’auTs 



WHAT A 12-stone MAN WOULD WEIGH ON DIFFERENT PLANETS AND ON THE SUN 
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HOW WE ALL DEPEND ON THE ASTRONOMER 

Many people must have asked themselves “Of what use is astronomy ? What good can it be to mankind 
to know the weight of Jupiter, for instance? ’* Yet the patient, never-ceasing work of the astronomer is of 
vital importance to us every day of our lives, did we but know it. In the following chapter we learn some 
remarkable facts about the astronomer and his wonderful work in the great observatories of the world/ 
many of which are situated on high and lonely mountains. 


I T might ho thought that astronomy, 
the* stiuly of tho ho.ivoiis, was not 
ol tiiiicli Li.se to ordinary pc'ople. 
I^ut, in tact, it is of very great imiiort- 
anco, not mereJy to a few men of 
si’ienc(‘ hiiL to all of ns, in our 
flaily lives. For instance, with- ’ , . 
tjut aslionorny it would be 
impossible for us to keep our 
eIo('ks and watches ace.uratc : 
nor would the sailor be able to 
guide his ship accurately from 
j)ort to port would have 

to waste much lime it his know- 
ledge. acquired from the as- 
tronomer, of the Sun, the stars 
and the planets did not help 
him on his way. and w'aste of 
time would be waste of money, 
so that all the goods we buy 
from overseas would cost us 
more 

Astronomy also helps us with 
past time as well as with the 
present, for >ve can check a date 
in history by, say, the record of 
an eclipse. 

Helium, which is one of 
the chemical elements, was 
detected in the sun by 
astn momical obser vati< in 
in i8g8, but it was not 
found on oiir earth until 
1805. Helium is an (?x- 
cepiionally buoyant and 
non-inflammable gas. If it 
had been ii.sed to inflate 
the British Rioi and the 
CJmnan Hitidenburg these 
huge airships would not 
have been destroyed by 
fire with lieavy loss of life. 

Good Work for Mankind 

I'he astronomer, then, is 
a man who is doing much 
good work for mankind. He 
has to work very hard, and 
usually for a small reward 
'fhe work in a big obseiva- 
tf>ry, such as that at Hurst- 
moiiceux or the Lick Ob- 
servatory iu California, is 
carefully divided up among 
the various members of the 
staff, just as it might be in 
a big factory. The astro- 
nomers work in shifts both 
day and night observing 
the universe of sun, planets 
and stars. 

He lies down on a mat- 
tress beneath the eyepiece 
ot a big telescope, which is 
kept fixed by a special 
motor on tlie particular star 
or planet under obsi.Tva- 
tion. But for the motor the 


earth ;is it rolled round on its axis, 
carrying the observatory witli it, would 
soon move the t<*lescoixi out of range 
ot the object on which it w'as fixed. 



The famous Lick Observatory on top of Mount Hamilton, California, 
where, with giant telescopes, astronomers have made many mar- 
vellous discoveries in the heavens 



How the asyonomer watches the stars and planets through the 
28-1 nch telescope at the Royal Observatory 


Very often the astronomer has to 
put up with considerable discomfort 
from stiflness and from cold, for the 
problem ol heating an observatory is a 
very difficult one. This is be- 
cause any current of warm air 
would cause the atmosphere 
round the lens to quiver, as we 
sec it do on a hot <lay in tlie 
s u m m c r, and this ' would 
make accurate observation iin- 
poHsible. 

It is intfTesting to recall that 
Caroline HerschiH, sister c>f Sir 
William Herschel, llu* Litnoiis 
astronomer who rlicl siicli wonA 
derful pioneer work with the\ 
tcIc.scope, used to sit foi loiig\ 
hours in the open air a.ssistiiig ' 
her brother with his records till ' 
her fingers became mimb with 
cold. Sornctiines the very ink 
froze in the bottle she was 
holding in her hand. 

I'he astronomer has to keep 
his attention fixed not only on 
the stars but alsf> on a 
number of complicated iii- 
stninienls which recon I Ins 
observations and che< k the 
knowledge lie has hc^pi'd to 
accumulate. Ti(‘men<lous 
mathematical ealciilations 
have also to be made, while 
there is always the danger 
Jt‘St a cloud obscure the sky 
and spoil the night’s work. 

Up in the MounLilns 

It is in order to take ad- 
vantage of the purest atmo- 
spht.*n* that so many obser- 
vatories are built on high 
mountains. On these bleak 
heights the astronomer, far 
removed from the.* rest of 
the world, s^iends an ardu- 
ous life matching his tiny 
brain against tlie enormous 
problems of the universe, 
so that man's knowledge 
and power may be increased. 

So wc see that the 
astronomer is not merely 
a man who pursues a rather 
expensive hobby. One of 
his greatest services to us 
all is the removal of the 
doubts and fears wliich 
fonnerjy troubled man- 
kind. At one time an 
eclipse was thought a ter- 
rible thing, perhaps fore- 
telling the end of the 
world, while comets were 
supposed to bring plagues 
and other disasters in their 
wake. Now, thanks to the 
astronomer, we know better. 


4 » 



WONDERS oF Land & Water 



FOGS AND HOW THEY ARE CAUSED 

Water vapour, which is constantly arising from the land and sea, is quite invisible. But when it reaches 
a colder layer of air above the ground it becomes condensed into minute drops of water, each forming round 
a particle of dust. These drops collected together form clouds when they appear above our heads, but when 
the water vapour condenses at or near the ground we call the result fog. In these pages we read some 
interesting facts about fog and its formation and the great damage it does in cities and towns 


F ogs, which in a climate like that 
of England occur more or less 
(•\ory wiiilcr, not cmly cause an 
immense amount of loss, but are also 
a menace* to life and limb. 

Of course fogs, which are only mists 
containing larger particles of^ water, 
have played a considerable pjirt in 
history. Bv coming down suddenly 
(ill a battlefield tliey have (*naMed an 
army to retreat of to attack uiiex- 
pccU'dly. Thus it was a fog that helped 
Gcxirge Washington to retreat to New 
York after the battle of Long Tssland. 
in which he was defeated. Occurring 
on tile sea, fogs have led to attack or 
escape of wliole fleets. 

Their must iiu])ortant inter- i 

ference with human hh*. how- | 

('ver, is in conruM'tion with 1 

industry and ('onmU‘rt'e. A 
dense fog suddenly occurs in 
London or Manchester or 
Birniingliani, and all traffic is 
.su.speiuled. Trains and tram- 
cars and buses and motor-cars 
ceast* to run. PiH)])le are laft* 
in getting to thi*irwork. Ships 
are held n]) in the docks. 

Goods cannot reach tin; ware- 
houses and shops, and Jnm- 
dreds of thousands of pounds 
are lest as a result. 


frequency, their widespread area and 
their density. 

Lei us see what causes a fog. Warm 
air jiassing ov(^r the sea takes up a 
c(*rtain amount of moisture, and as long 
as tfie air kcH'ps warm this moistuni is 
in the form of invisible vapour, but if 
the stn^ain of .lir happens to meet a 
coldt^r layer or pass(‘s over cool ground 
or beconu'S cool in some other way. 
sonic of the a(|ueoiis vapour in the air 
imm(*diiitely condenses into minute 
dro]>s. 

llow'ovcr, before moisture can con- 
dense into tiny drops of water it must 
have a solid substance <m which to 
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Millions Lost by Fog 

A dense Jog in London which 
lasted a week during the month 
of December in lyo^ is 
estimated to liave cost the* city 
A 50,000 a day through suspen- 
jfoTi of business. 

'J'radesinon and shopkee])er.s 
lose thousands of pounds 
through damage to their goods 
by the fog, and the T.,ondon 
Chamber of Commeicc has 
estimated tliat the total losses 
through traflic delays, expenses 
in gas and electric light, hind- 
rance to shipping and railway 
difficulties, caused by a fog in 
London amount to at least 
^1,000,000 a day. 

Whenever there is a day or 
two of fog in England the 
number of deaths record()d 
goes up about a sixth, and the 
amount of illness caused is enormous. 

If only fogs could be abolished the gain 
in life and wealth would be iiicredible. 

Is there any possibility of doing aw’ay 
with fogs ? Unfortunately there is 
not, but we could greatly reduce their 



How a city fog is formed by a partnership between the soot 
from the chimneys and the water vapour in the air 


condense. Obviously, then, where there 
are more solid particles in the air, such 
as are provided by soot from chimneys, 
there the fog is more likely to occur. 
That is why cities like Lonaon and the 
manufacturing towns of the north of 


England are so much more subject to 
fogs than the small towns and country 
districts. 

No fog could (x:ci]r in an atmosphere 
that was entirely free from solid 
particles and, of course, no fog can 
occur in windy weather, for the moisture 
is blown away as fast as the aqueous 
vapour condenses. 

Clouds are really clean h’lgs in the 
njiper atmosphere, and if an airman 
flies over I.ondon or some other city 
when it is envtjUqied in fog, he se('S, as 
he looks down, what appears to be a 
great bank of clouds, the same kind of 
thing that wt-j see from the ground 
wlien we look up on a cloudy 
day. 

The density of a fog depends 
upon the number of water drop- 
lets in every cubic inch of air. 
Oi course, the droplets vary in 
size, but they are often only 
about one 3,000th of an inch 
in diameter, that is, it would 
take 3,000 of them placed side 
by side to measure an inch. 
When there arc only a thousand 
droplets in a cubic inch oi air 
the fog is very light indeed, 
and a heavy fog has sometiiing 
like 20,000 (lro])1(‘ts to the 
cubic inch. Often the number 
is far greater, and in some very 
dense fogs nearly a million* 
droplets arc found in t he cubic 
inch of air. 


A Bath of Fog 

When there are 20,000 drop- 
lets to tlie cubic inch, it is 
iiiipo.ssil>le to see beyond a 
hundred feet. Scienti.sts tell 
us that a block of fog three 
feet wide, six feet high, and a 
hundred feet long, contains less^ 
than onc'Seventh of a * glass 
of liquid water, so that if a 
bath full of water were ex- 
panded into fog droplets, the 
whole of London would be 
completely enveloped. 

There is a great difference 
between the appearance of a 
soot fog in the country and a fog in 
a "great city like London or 
Manchester. The dark fogs 
of our cities and manufacturing towns 
are caused by the large amount of solid 
matter mixe<l up with the droplets of 
water, this matter consisting of particles 
of soot thrown out by chimney.^. 

The amount of soot from chimneys 





Fog is one of the greatest problems that railway 
authorities have to contend with. It adds to the risk 
of travel and costs railways an enormous amount, 
for when signals cannot be seen explosive fog 
signals and expensive automatic-control systems have 
to be used. This picture shows an express train 
emerging out of a fog at King's Cross station, London 


The risks of travel in fog are even greater on the water than they are on 
the railway, for while the metals keep the trains on given tracks, there 
are no definite tracks for ships. Fog-horns have to be constantly sounded, 
and even then collisions are likely to occur, though that risk has been 
greatly reduced by the invention of radar. Ships in ports like London or 
Liverpool are often held up for hours, and sometimes for days, by thick fog. 
Here a large steamship is being towed through a fog over the Thames 
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that falls upon great cities is almost 
unbelievable. Over the entire area of 
London in the course of a single year 
the soot fall is about 46.500 tons. In 
Birmingham the annual' soot deposit 
is 440 tons to the square mile, in 
Manchester 425 tons, in Blackburn 
640 tons, in Liverpool 660 tons, in 
Rochdale 703 tons to the square mile, 
and in Newcastle-on -Tyne, the worst 
sufferer in England, about a thousand 
tons of soot dcsc(‘nd from the atmo- 
sphere on every square mile in the 
course of a yc^ar. 

I'hesc figures are obtained by men of 
scitjnee who work patiently collecting 
and examining sanqdes of the atmo- 
sphere hour after hour. Self-recording 
instruments are fitted wuth ta])es of 
clean pajier, on which every particle is 
preserved. Then the record is magni- 
fied, the part ides counted and analysed, 
and finally a calculation made, vvhich 
gives the record for a whole district or 
city. 

According to Dr. John S. Owens, 
who has made a s])ecial study of tlie 
subject, the average individual walking 
in I.ondon during a black fog breathes 
in about 14,000 million soot particles 
pcT hcMir. 

In Manchester things are rather 
w'orse, for a man walking in that city 
in a fog would Vircalhe in 20.000 million 
particles in an hour. " If,*’ says 
Dr. Ow’cns, " you took the number of 
particles breathed in by one man in 
Manchester during ten hours of a 
smoke fog. and placed tliem in a single 
line one tenth of an inch apart, tlie 
line would rt'ach from the Earth to the 
Moon.” 

It is not only the cities ami towns 
themselves tliat siiffc^r owing to the 



pouring out of so much soot from their 
chimneys, but large areas of the sur- 
rounding country. I^rofessor Cohen, of 
Leeds, declares that smoke from an 
industrial town will easily travel fifty 


miles or more, the particles settling 
at a very slow rate. A particle shot 
from the top of a chimney a fiundred 
feet high would take nearly three weeks 
to settle. No wonder, then, that flowers 
and crops do not thrive in the neigh- 
bourhood of industrial centres, and that 
health is less good in the town than in 
the country. 

Not only in foggy weather does the 
pall of smoke deprive tlie people of 
cities and towns of health and sun- 
shine, but even in clear weather the 
rays are shut out. Tests liave showm 
that Manchester on a sunny day, re- 
ceives only 70 per cent of the sunlight 
received in a village five miles away. 
Kew, seven miles west of the City of 
London, loses 37 jier cent of the sun- 
shine it should have owing to the T-ondon 
smoke. Many industrinl centres lose 
50 per cent of the sunshine they could 
have. Careful calculations made in 
Manchester have show'ii that owing to 
the smoke nuisance /50,ooo a year is 
spent in the? extra w'asliing of collars. 

No doubt one day this problem of 
the output of smoke will be pnqierly 
tackled and dealt with, and then we 
shall have fewer fogs, more sunshine, 
and b(‘ttor health. 

Fogs, of course, can never be abolished 
altogether, for wherever there is dust 
and moisture-laden air that is being 
cooled, there mist or fog will be formed, 
and microscopic dust, siitlicient for the 
formation of fog, is found in all parts 
of the Earth's atmosphere. Even lar 
out on the ocean, lumdreds of miles 
from land, and on the top.s of the 
highest mountains, water vapour always 
finds suflicicnt dust on which to con- 
dense. Fogs due to dust, however, are 
very different from fogs due to soot. 


HOW NIAGARA IS WEARING AWAY THE ROCK 



At Niagara Falls we see a river crashing over a precipicei and the force of the water as it falls is enormous. All the time it is wearing 
away rock, and during the last xoo years the Horseshoe Falls on the Canadian side have worn back the precipice about 370 feet. It is 
reckoned by geologists that the Falls have been about 30,000 years in the making, and every year they move farther and farther back. These 
four pictures show exactly how this wearing away is done. The water as it whirls down eats away the soft shale layers more rapidly than the 
harder limestone strata, as shown in the second picture. At last, when a good deal of the shale has been eaten into, the pressure of the 
water on the limestone breaks it away, as seen in the third picture, and then the whole business goes on again. The lower part of the 
precipice is always more eaten into than the top, because of the whirltng of the water as it strikes the bottom. 
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MACHINES THAT DIG FROM COAL-MINES ENERGY 


Slag heaps 



The front man 
carries a T' which he 
uses to signal by 
touching the two 
wires overhead 




Underpfnnint 








■"A’ 


It IS odd to think of sunshine coming from black stone dug deep from under the ground ; but the heat from burning coal is energy 
collected from the sun by trees and plants that grew millions of years ago. Chemical reaction with the sun*s rays caused the plants 
and trees to absorb carbon, hydrogen, and oxygen, and these elements were imprisoned in the plants when they became covered with 
sucmsive strata of clay, earth, and rock as the surface of the world changed throughout countless ages. Coal was at first used chiefly 
mr burning as domestic fuel or for raising steam in engines. Today oil and atomic energy rival coal as a source of power, but the world 
still uses iMlions of tons every year not only as a source of power but for the extraction of gas and chemicals. This drawing shows the 
scores of ingenious machines and techniques now used to bring coal to the surface of the ground where the burning of its carbon, 

















CREATED BY THE SUN MILLIONS OF YEARS AGO 



. . j it* h ei it enerffv. The mine shown above has two ahaftSi one called the down-cast shaft and the 

h^ogen, aif Into the down-cast shaft from whence it circulates throughout the workings and is then exacted 

otter tteup-cai^h^t FaiM^ ^riiTOin^ ^ ^ ^ ^ ^ ^ ^ wrkings and for bnncing «»d 

through &e up-Mrt ah^te. mechanical cutters and loaded on to conveyor helta which carry it to trains or tnidts drawn by 

to the surface. Tfce into manageable l^pa. As the cojU iJ removed from the seanu heavy 

diesel Icc^otivefcSe props are put in position to prevent the roof from falling down. When the trucks come 

J^ter 'andis thei thrown on mesh wxeans to sort the lump, into siaes 
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WHY A SUNNY SLOPE IS BETTER THAN A LEVEL FIELD 



A sloping field that faces the south is more fertile than a horizontal field, while the side of a hill wnose slope faces the north is much 
less fertile. The reason is shown in this picture. The Sun strikes all three from a certain direction, but the same amount of sunshine 
is concentrated into a much smaller space on the slope that faces south than it is on the horizontal field, while on the slope facing north 
the same amount of sunshine is spread over a much wider area and therefore provides less heat. All fertility comes from the Sun. 
so the land that gets most sunshine to the square yard, provided there is plenty of water, produces most life 


THE ATLANTIC’S GREAT FLOATING ISLAND OF SEAWEED 



In the North Atlantic Ocean, lying some distance off the American coast, is a great floating mass of brown seaweed. It is called the 
Sargasso Sea, from the Portuguese word for seaweed, sargaco, and in it live myriads of small, marine animals. It was first seen by 
Columbus, and for centuries it was believed that any ship which got caught in the Sargasso Sea would be held prisoner for ever. The 
Michael Sars Expedition of 19x0, however, showed that ships can pass through it safely. The accumulation of seaweed is due to the 
fact that this part of the ocean is calm, while round it cirde currents, and the seaweed inside is thus herded together 
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Marvels oF Machinery 



THE WONDER OF A MODERN LIGHTHOUSE 

Without the lighthouses round our coasts navigation would be a perilous undertaking. There are rocks 
and shoals in many places, and these must be marked if ships are not to go ashore and be lost. There have 
been lighthouses of a kind for thousands of years, but it is in recent times that they have become marvels 
of mechanism and illumination, and here we read something of their wonders 


I iGBTHOUSEs of some kind have 
been known from very ancient 
times. One of the seven wonders 
of the world was the great Pharos, or 
lighthouse, of Alexandria, but some 
hundreds of years l)efore that was set 
Ilf) beacon fires had been maintained 
bv priests on the Egyptian coast as 
warnings and guides to mariners in the 
Mediterranean. When the Romans 
came to Britain they built a pharos, 
or lighthouse, at Dover, and several 
beacons were maintained during the 
lollowing centuries. 

Jiy the rciign of Henry the Eighth, 
when Britisii shipping and commerce 
bt'gan to grow, it became necessary to 
take the matter of lighthouses seriously 
in hand, and the Kinggriuiled a charter 
to a S()ci('ty which wtis to build and 
maintain light beacons at certain points 
oil the coast 

The Early Lighthouses 

In the following century a number of 
other towers were set up round the 
English coast as lighthouses, but the 
light consisted nuTcly of huge fires of 
wood and coal kindled on top. It 
must have taken a great deal of watch- 
fulness and labour to keep up such 
beacons. 

Later, candles were used, and then 
came %ul lamps. The number of light- 
houst^s, too, increa.sed, and at last 
the Eddystone Lighthouse was built 
by Winstanley on a lonely rock off the 
south coast. It was a weird wooden 
structure, more like a plea.siire pagoda 
in the grounds of an exhibition than a 
lighthouse to withstand the storms 
of the Atlantic, and one night during 
a great gale it was carried away, its 
designer being inside at the time 

Strong as a Rock 

A wiser system t)f construction for the 
lighthouse towers came into favour 
when Smeaton built the second Eddy- 
stone Lighthouse. It was made of 
ma.ssive Blocks of stone, dovetailed 
together, the foundations l>eing dove- 
tailed into the solid rock itself, so that 
the lighthouse really became a continua- 
tion of tile rock oii which it was built. 
. Also the shape of the tower, tapering 
towards the top, was based on the 
principle of the tree trunk, which 
weathers the storms so well. There 
are, of course, different plans and 
designs for dovetailing the stonework, 
but the principle of Smeaton is still 
used. The walls are made much 
thicter at the bottom of the lighthouse 


than at the top, and in the Wolf Rock 
I^ighthouse, for instance, off Land's 
End, which is shown here, the walls 
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The inside of the Wolf Rock Lighthouse 
off Land’s End. The apartments, reading 
up, arc water tank, entrance hall, coal 
cellar, store room, oil room, living room, 
b^room, service room and lantern 




at the level of the entrance door are 
nearly eight feet thick, and they 
gradually decrease till they are only 
two and a quarter feet near the top 

It IS in the brilliance of the light 
that the most marvellous improve- 
ments have taken j)lace in recent years. 
Oil, gas and electricity are all used, 
but the power of the light is enormou.sly 
increased by the w'onderful system of 
ien.ses through which the light is made 
to shine. 

Not only is the light magnified, but 
all the rays, including those which 
would be lo.st above and below, are 
caught and bent so ;is to shine out in 
parallel beams. In this way exceed- 
ingly brilliant beams which shine across 
the seajs for many miles are obtained. 
In lighthouses which are to shine 
only in one direction a combination 
of lenses, prisms and reflecting mirrors 
gives a concentrated and powerful 
beam. There are all sorts of combina- 
tions of lenses and prisms, but the 
principle is more or less the same and 
can be seen in the picture on page 52. 

The First Revolving Light 

In order that the mariner on dark 
nights may distinguish one lighthouse 
from another, and not mistake his 
position, various systems of revolving 
and flashing lights are arranged. It 
was in 1783 thac the first revolving 
light was erec >ed at Mfirstrand in 
Sweden, and at the beginning of the 
19th century one was placed at Flam- 
Ixirough Head. Now there arc many 
revolving lighthousc*s in different parts 
of the world. 

Up to Smeaton’s day coal and wood 
fires had been used to give the light, 
but he, for the first time, used tallow 
candles, placing 24 in a chandelier, 
and the total value of the light wjs 
only 67*2 candle power. Contrast this 
with the present illumination of some 
lighthouses, which throw a beam of 
over 60 million candle power that can 
been seen for a distance of more than 
30 miles. 


Lighthouses on Sand 

Most lighthouses to-day are triumphs 
of engineering. Their strength and the 
skill with which th^ are built on 
foundations of all kinds would have 
astonished our forefathers. It is diffi- 
cult enough to build a lighthouse on a 
lonely and storm-l^eatea rock far from 
land, but it is no less wonierful to erect 
one that shall stand firm on a founda- 
tion of sand. Yet many such exist. 
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INSroE THE LANTERN OF A LIGHTHOUSE 



The lantern of a modern lighthouse is a marvel of inventive ingenuity. The light may be provided by oil, gas or electricity, and if it 
IS oil this IS pumped up by mchinery. Then the light is enormously increased by a system of lenses, prisms and reflectors, so that little 
Those rays which might pass away above or below are caught by the lenses or prisms, and are bent so that the 
whole light shines as one beam. In many cases the light revolves so that the beam shines out in different directions in turn, or a shutter 
is brought in front of the light at regular intervals. This gives a unique character to each lighthouse, so that a mariner on the look-out 
** ^ know which lighthouse it is whose beams he sees. Nothing is left to chance nowadays, for everything works automatically, 
and the turmng of the light or its blotting out for brief regular periods is brought about by clockwork mechanism. The clocks, worked 
by weights or spnnp, in i^ny cases give a warning when they need to be rewound. The lamp turns in a mercury trough, so that 
there may be as little frichon as possible. Of course, the outside glass of the lantern has to be very thick to withstand the storms. 
Usu^ly, plate gla^ a q^rter of an inch thick is used, and sometimes in places of great exposure the glass has to be an inch thick. 
A wire grille is fitted outside the lantern to prevent sea birds attracted by the light flying against the glass and breaking it. The lanterns 
vary greatly in diameter, some being as much as 1.6 feet. Of course, lighthouses have to be fitted with a lightidng conductor 
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MAKING MILLIONS OF MONEY AT THE MINT 



The first s^p in making money at the Royal Mint is to melt down After the metal is cooled it is rolled up and cut into strips ready for 
and mix in furnaces the various metals, as is being done here, stamping. Here we see the strips of silver passing through a 
A crucible of molten metal is being stirred by the workman revolving press which rolls them to the right thickness while cold 



The band of metal is then passed through a The discs are next examined over a tray The discs are then placed in this machine, 
machine which stamps out the discs ready for perforated with holes, which allows discs where they slide down between dies which 
the impression of the Queen's head which are too sm^l to pass-through stamp upon them their ' ‘heads'* and “tails '* 



When the coins are completed they are passed through Finally, the perfect coins are put into bags, weighed automatically, and 
this automatic weighing machine, which sorts them then packed on to trolleys ready for delivery to the banks, which put them 
into light, medium, and heavy weight coins into general circulation so that we may get them for use 
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HOW A WATCH TELLS THE RIGHT TIME 



Winding wheels 


Glass 

Idinutehand. 

^ Hour hand 

‘Q>mpeosated 
balance 
^Hairspring . 

Gearing hr\ 
'hour hand \ 


'\£scapement 


l^rSecond hand 


\l f/ 

^ Esca^fement fvne^f 


These pictures, enlarged for the sake of clearness, show how a watch works. When we turn the key at the top we wind up the main- 
spring tightly At once it tries to unwind, and in doing so turns a train of gear wheels by moving one to which its end is fastened. 
An ingenious device known as the escapement prevents the spring running down in a moment or two, whirling the wheels round too 
quickly The escapement has a curved cross-bar with two little projections known as pallets. It swings backwards and forwards, and 
only one of the pallets at a time can rest on the teeth of the escapement wheel. As this wheel turns slightly, a pallet catches one of the 
teeth and holds it for a moment, but as the escapement swung forward it turned a little wheel at the top known as the compensated 
balance, which partly wound up a tiny hair spring Immediately the escapement has completed its swing, the hair spring begins to 
unwind, turns the wheel, and swings the escapement in the other direction. That releases one tooth of the escapement wheel, and there- 
upon the escapement swings back. As it does so it winds up the hair spring once more for the next swing forward. ^ to and fro it 
goes, holding the escapement wheel for a moment each time, and thus slowing down the whole train of wheels and preventing the 
mainspring unwinding with a rush. The toothed wheels of the watch are all carefully geared to give the right speeds to the hour hand, 

the minute hand, and the second hand 


THE SHEARS THAT CUT METAL AS IF IT WERE PAPER 


E ngineering shops contain a great 
deal of wondcriul machinery. Some 
of it is very complicated, but there 
arc quite simple machines that do remark- 



able work. The shears shown here are an 
example of this. They cut through quite 
thick metal as easily as if it were 
paper. 

A powerful eccentric cam connected 
with a flywheel revolves and acts upon a 
roller at the end of a heavy cast iron lever, 
raising and lowering the lever alternately. 
As the lever moves a strong, sharp steel 
plate at the other end is pressed down and 
cuts quite easily through any metal that 
may be placed under it. A corresponding 
sharp steel plate fixed to a heavy block 


makes the other cutting edge of the shears,, 
which form a pair of powerful scissors. 



Shears closed by the eccentric cam 
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Wonders oFAnmal »Plawt Life 

THE WORLD'S BIGGEST LAND ANIMAL 

The African elephant is the giant of the land animals. It is, of course, small compared with some of the 
monsters that lived in past ages, but no other land animal today can approach it in size and weight. It has 
nothin used for man's service to the same extent as the Asiatic elephant, but attempts are now being rnade 
to train it to do useful work, and this may save it from extinction. Here we read many interesting things 
about this very picturesque animal which often weighs six tons and eats eight hundredweights a day. 


T he biggest animal in the world 
is the whale, but he lives in the 
water. He is far too heavy 
ever to be able to move about on land. 
There is. however, one land animal 
which weiglis anything up to six and a 
half tons, and that is the African 
elephant, a giant which eats eight 
hundredweights, nearly 
half a ton, of food a day in 
order to support life. 

He stands sometimes 
nearly twelve feet high. 
and when he wanders into 
a plantation of growing 
crops, he not only roots 
up and eats vast quantities. 
but de.stroys far more than t 
he eats. In quite a short \ / 

time a few African ele- L^**'** 
phants will lay waste a A compa 
whole area of sugar-cane African < 
or tear down a plantation 


weighs 228 pounds, or more than two 
hundredweights. Tlie longest known 
tusk of an African elephant measures 
twelve feet all but an inch. 

By means of some of the fine films 
which have been taken in the African 
forests in recent years, ordinary stay- 
at-home people, including boys and 



of burden or to do useful work such as 
moving and piling logs. In India ele- 
phants are caught and trained for these 
tasks. The African elephant is, how- 
ever, a richer source of ivory because 
itstiisksare larger and of better quality. 

Mr. J. A. Loring, the field naturalist 
of the Roosevelt African Expedition, 
tells us that elephants be- 
^ — come so bold that they not 

only raid the plantations 
at night, feeding on sugar- 
cane, maize and vegetables, 
but they tear down the 
huts and kill the people 
living in them. 


A comparison of the heads, ears and trunks of the Indian and 
African elephants. Notice the fingers at the ends of the trunks 


A Village Terror 

“Within two days' 
march of Lake Albert,” he 
says, “ we came to a village 
near which lived a rogue 
elephant that had terror- 


of bananas. The farmers and their girls, can know exactly how the ised the people for weeks. He visited 
families have to flee from the enemy African elepliant looks and behaves the gardens nearly every night and had 
or to escape into the high trees, from in his native home. He is a fine wrecked several gra.ss huts, destroyed 
which they watch the destruction of beast, but unlike the Indian elephant crops, and had killed a man.” 
their homes and fields. he cannot easily be trained as a beast A rogue elephant is a solitary 


The African elephant 
differs very much from its 
Asiatic relative. It has far 
larger ears, which, when 
they arc not weaved for- 
ward to catch the sound of 
danger, lie back, covering 
the whole of tlie shoulders 
of the animal. 

Trunks and Ears 

The head of the African 
elephant is much more 
rounded than that of its 
relative, the eye is larger, 
and the end of the trunk 
instead of having one long 
finger on its, front edge 
has two, one in front and 
the other behind. The 
trunk also is very different, 
for in tlie African elephant 
it appears to be composed 
of a series of segments like 
a collapsible telescope. Its 
skin is darker, its tusks are 
larger, and its hind foot 
possesses three nails in 
place of the four of the 
Asiatic elephant. 

An African elephant's 
tusk in the British 
Museum, which measures 
10 ft. 2 ins. in length. 





An African elephant listening with its huge ears 


animal which for some 
reason or other has left or 
been driven from its herd 
and has developed vicious 
habits. It hunts alone, 
and when it comes across 
human beings is very dan- 
gerous indeed. 

Animal lovers regret that 
elephants are becoming 
fewer, but people living 
in elephant country know 
what a menace they are 
As Africa becomes more 
and more inhabited, the 
area in which the elephant 
can be allowed to exist 
becomes more restricted. 

Some years ago the 
Government of South 
Africa decided to destroy 
the herds of elephants in 
certain areas in order that 
the fanners might he able 
to continue to exist. When 
only a few animals were 
left alive these were con- 
fined within a certain dis- 
trict and were protected 
so that they might not be 
killed off ; but after some 
years h^ passed the 
elephants had once more 






WONDERS OF ANIMAL AND PLANT LIFE 


increased so much that they tn'gan 
to break out o1 th(.*ir sanctuary and 
raid the fanners’ fields. Once again, 
therefore, they Jiad to Ik; reduced in 
niinibers. 

Wliat the future of the African 
elephant will be it is very diflicult 


to say, for while some cry out for its 
destruction, others believe that it may 
be trained to do useful work, such as 
ploughing, in districts where heavy 
rains make the use of tractors im- 
possible for many months of the year 
and w'hcrc the horse den^s not thrive*. 

The idea that African elephants 
cannot be trained is quite wTong. The 
Romans and Carthaginians of old 
trained many of them, and African 
elephants have l)ecn used for carrying 
children on their backs in Kuropean 
zoos. The famous J umbo was a striking 
example of this, fndtJijd the Belgians 
in the Congo have established an 
elephant training school at Api, where 
thev have sueceed(*d in taming and 
training African elephants to do much 
useful work. 

Training the Giant 

The keynote of the training system 
at Api is kindness. No elephant may 
ever be struck, and any breach of rule 
on the part of the trainers is piinisluHl 
severely. Whenever an elephant under- 
going training olxjys an order, or even 
attempts to do so, it is rewarded with 
.some delicacy, such as a piece of sweet 
potato. 

An elephant has v(*ry poor sight 
and is unable to delect a man at more 
than fifty yards, but to make up for 
this its hearing is vi'ry acute, and its 
smell is so sensitive that it can scent 
a man half a mile away. The* huge 


ears, the span of which, when they are 
stretched out and measured across the 
forehead, is often as much as 15 fc^et, 
enable the beast to catch the faintest 
sound. 

The African elephant c:an ke(?p up a 
speed of fifteen miles an hour for about 


one fifth of a mile, then it settles down 
to a .steady pace of ten miles an hour 
and keeps this up for an hour. It is a 
much faster runner than the Asiatic 
elephant. 

It is the fact that the elephants have 
such poor sight that enables photo- 


graphers to get so near to them for the 
taking of moving pictures. If a herd 
he approached on the side towards 
which the wind is blowing, the hunter 
or traveller can get very near the 
(‘lephants. A hunter once wagered that 
he w'oiild write his initials on the hind 
quarters of an African elephant while 
it w^as alive, and he actually suceex'ded 
ill doing s<j. On the other hand men 
approaching elephants on the side 
from which the wind is blowing are 
very quickly detected. 

A Dinner of Elephant 

The African elephant is a more 
dangerous animal than its Asiatic 
relative, and is far more ready to charge ; 
while the females arc said to be* inon* 
dang(irons than the males, and will 
charge with v<.*ry little prov'oeation. 

i^lephant flesh is coarst; and rank to 
the Kuropean taste, but the natives 
of Africa seem to appreciate it, and 
l>ak(*d (ilephant foot cooked in the 
skin is regarde*d as a gn‘at delicacy. 
The natives aie also veiy fond of the 
(*ars, which ihtjy prepare by slewing. 
The white man is seldom more popular 
than wh«Mi he has shot an elephant, 
for then the natives will come in 
scores to the feast, falling on the* 
carcass and, if there are enough of 
them, eating almost th<? whfile of it. 

Th(‘ natives go in grc*at fear of the 
lilephant, for if one of tlK*se beasts 
catches a man it will kneel upon him 
or pierce him with its tusks, or .sorne- 
t lines pick liim up in its trunk and play 
with him before ciushing him to death 
The elephant hunter must always 
find a vital spot with his bullet, or risk 
terrible danger. 

Apart from man the eU phant has 
little to fear from (*iieinies. as his 
strength and the fact that he usually 
keeps with a herd combine to make him 
safe except when very young. 



Wild elephants bathing in the Congo with one on the left squirting water over his back 



A young bull elephant feeding on the tender shoots at the top of a tree 
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A BEE HELPS A FLOWER TO PRODUCE SEED 



BeJore plants^ produce seed which wiH develop into new plants their flowers must be fertilized. This that the dust or nollen 

produced in the anther, a little box on the stamen or male part of the flower, must find its way to the ovary at »ie ^ of the^U 
or fe^e part of the flower, where the seeds are produced. The pictures on this page show how the bird’s-foot trefoil is fertilized bv 
the honey A bee alights on the flower to collect nectar and the keel is presseddown, forcing up the undevdopt^ i^m^ttheend 
of the pistil. ^ the stiipna moves up it pushes the poUen produced by the anthers on to the hL ^ The b«XJ*off tocher fl^r 

"*®**to a floww where the sUgma is mature and ready to receive poUen. This stigma bein^ r- ^rd 
against the bee’s body receives some of the poUen, which germinates and throws out delicate hairs ttot reach the ovmv and 
onUes or eggs produced there. They then develop into seeds, which form in a pod, and the^ dri«^^^eS» ^1^ 
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THE FRAMEWORK OF AN ANIMAL’S BODY 



The bodies of ourselves and all the higher animals are built round a solid framework of bone known as the skeleton. There is a 
backbone, which in ourselves consists of 33 bones jointed together so that, while the backbone can be kept rigid when required, it can 
also be made very flexible for moving. Here we see skeletons of a man. an ox and a sheep in relation to the soft parts of the body. 



The framework of bone not only enables an animal to retain its shape, just as the steel framework of a modern building determines its 
form, but it also acts as a protection to delicate organs inside the body. Human beings, of course, generally maintain an upright 
position and their spine or backbone is erect, whereas the normal position of the backbone of an ox, horse or other quadruped is 

horizontal. This picture shows a man leading a prancing horse 
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THE BIGGEST LIVING THING IN THE WORLD 



What is the biggest living thing in the world ? Most people would answer a whale," or perhaps " an elephant," but neither reply 
would be correct. The biggest living thing in the world is this giant sequoia tree, which forms one of the Mammoth Grove in thr 
Sequoia National Park, California. It U ovef 300 feet high, and cont^iu enough timber to make 30,000 milUon matches, or a box oi 
16 for eveiy inhabitant "" 
but the oldest. Some 


of the world. This wonderful grove of trees in California contains not only the biggest living thing in the world, 

„„ of the giant trees are believed to have been growing for more than 4,000 years. It is a marvellous thought that 

there should be still living in the world trees that were flourishing when Moses was playing aS a little child by the banka of the Nile 
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THE TAIL OF A HUNDRED THOUSAND PRISMS 



The wonderful colours of the peacock’s tail are not produced bf pigments or colouring matter, but by many thousands of tiny prisms all over 
the feathers. As the light strikes upon the tail these minute prisms break it up into its seven colours • violet, indigo, blue, green, yellow, 
orange, red and then reflect these colours back to our eyes. Indeed, the peacock’s tail produces an infinite number of tiny rainbows, and 
just as no two persons see the same rainbow, as is explained on page 20, so no two persons see the same peacock’s tail in exactly the same way 


THE WONDERFUL 
ARCHER FISH 

L iving cn*Htuies obtain thi'ir loo<l in 
many curious ways, but certiiinly there 
is no method more remarkable than 
that practised by a little tish that lives in 
the mouths of rivers in nortliern Australia 
and in some of the rivers of the East 
Indies. 

This tish watches for its prey, which 
generally consists of flies, r.nil when it sees 
an insect resting on a leaf overhanging 
the water it goes up ipiietly. slnxits a jet 



Bringing down a fly with a good .shot 


of wafer Jrom its mouth with astonishing 
accuracy, and brings the fly down into 
the water. Then wdtlioiit wasting a 



About to seue the prey shot down 

Tinmite it darts forward, opens its month 
nfl swallow's the insect. \'ery r.irely does 
n arrhei fish miss it.s mark. 

'I'his tTeature, also known as the rifle 
isb, IS tailed by scientists Toxeles. which 
IS a (ireek wonl mi'anmg bowman. I'he 
isli rarely exceetls a foot in length anti 
weighs less than two pounds, but it makes 
piite gootl eating 

The Malays keep tlie archer fish in a 
bow! and watch it practise marksmanship. 


THE INSECT WITH 
EYES ON STALKS 

O Nii t>f the cpieerc.st inset ts iii the world is 
n little fly that is found in Natal, and 
a picture of w'l is given here. It.s 
eves, instead of being ti 'it'd directly in the 
head, are on the enrlstl two lateral stalks 
projecting from the head like two feelers. 

In some cas(*s tlie stalks are not 
very long, but in titbers they are tputti as 
long in projMirtion as the anleniue of 
butterflies anti moths, ( iirioiisly enough, 
in the female tlie length of these projec- 
tions is less than that- of tlie male, anti in 
the ditierent species of stalk-eyed flies the 
projt'clions varv a good tleal in length. 



The stalk-eyed fly ot Natal 


On the creatures’ first pair of legs there 
are jagged edges, and these it uses for 
crushing other insects that form its prey. 




ARVELS ^HEMISTRY&PHYSICS 



WHY WE ARE NOT HURLED OFF THE EARTH 

There are all sorts of natural forces which are operating in the world in which we live, and which might 
prove disastrous lor us were it not for the fact that they balance one another. Our planet rushes round on 
its axis at a great speed, and we should very soon be hurled off into space by the force known as centrifugal 
force, were it not that this is counteracted by another force, gravitation, which holds us to the Earth. Here 

are some interesting facts about centrifugal force 


O N tracks where motor cars, motor 
cycles or cycles are to be raced 
at high speed, and also on th«^ 
outside Ixiiids of railway curves and 
on many roads, the track or roadway, 
instead of Iwing horizontal like an 
ordinary road, is banked up at an 
angl(‘, and in the cfise of a track used 
for very fast cars the angle is very 
great. Why is this ? 


The reason is that there is a force 
known as centrifugal force, which if the 
track wt‘re horizontal would cause the 
cars instead of going round to rush oil 
the truck in a straight line. The word 
centrifugal, which ma^' seem a difhcult 
one, means “ flying from the centre,” 
but it is an unfortunate name to 
have given to the force, which is not 
really a flying from the centre at all. 


First of all let us imderstaiul what 
centrifugal force is. If we take a basin 
of water and move it round and round 
rapidly the water inside will start 
rotating and will gradually rise at the 
sides of the brisin till at last it is tlirown 
out over the edge. 

As long as the water touches the side 
of the basin it is kept inside the vessel, 
but directly it g(!ts aViove the side and 



MARVELS OF CHEMISTRY AND PHYSICS 


tiiere is uothing to stop it tht; fluid is station and then starts suddefily with direction it may happen to be travelling 

thrown out for a considerable distance. a jerk wc arcs jerked back. We realise at the moment of release. 

It is c:cntrifug<'il force that causes the from this that when a body is in motion Exactly the same thing happens with 

water to be hurled out in this way. We it seems to want to keep on moving in the water in the basin. When we rotate 

might try this experiment out in a the (lirection in which it is going, while the basin, the water is set in motion 

yard or garden. if it is at rest it seems to waul to remain and each drop of water would go off in 

Now let us carry out another experi- at re.st. As Newton put it, ** Every body a straight line, but it is prevented from 
merit. We lie a ball or stone to a string continues in its state of rest or of doing so by the sides of the basin. Being 

and .swing it round and round. The uniform motion in a straight line, free it rises higher and higher in the 

stone or ball will move in a circle, but except in so far as it is compelled by basin, and eventually e.scapes over the 
if the string suddenly breaks or wc let external force to change that .state.** side. Centrifugal force is, therefore, 

go, the Slone goes ott in a .straight line. This property which all bodies possess not really a flying from the amtre, but 

it is centrifugal force that carries it of resisting any attempt to start them a force by which ail bodies moving 

awa^^ But so long as we hold the end if they are at rest, and any attempt to round another body tend to fly off at a 



The Joywheel used to be a very popular side-show at exhibitions. People stood or sat on a platform, which was then set whirling, and as 
it went faster it threw the people to the side by centrifugal force. Of course, a padded barrier saved them from injury. The spectators 
obtained a great deal of amusement, although probably they did not realise that this was a truly scientific toy 


of the string another force known as stop them if tlicv are in motion, is tangent, that is in a straight line from 

centripetal force, which means *' centre called " inertia.** Inertia has to be over- the circumference of the circle in which 

seeking.*' keeps it moving in a circle come each time we start or stop a car. they move. 

and prevents it flying off. We are now able to see why the water In the ca.se of the siring and stone 

We notice when we arc swinging the in a rotating basin is thrown out over it is counteracted by the centripetal 

ball round that we have to pull on the the edge, and why the stone swung force, but as soon as that force ceases 

string all the time to prevent the stone round and round goes off in a straight to operate, as when the string is 

flying away. Now what is the explana- line if the string is released. When we broken or released, centrifugal rorcc 

tion of these curious fact.s ? swing the string, at every ])oint in the has its way. 

Sir Isaac Newton has explained the stone's progress, if it were free, it would It is quite clear now why in the 

matter in what is known as his “ First travel off in a straight line, but it is case of a curved racing track for 

Law of Motion." Wc know that when unable to do so because the string is fast vehicles, like the motor track at 

wc are riding in a train facing the pulling it towards our hand. Immedi- Brooklands, the roadway must be 

engine, if it pulls up suddenly we are ately, however, the stone is freed from banked at a sharp angle. If centri- 

shot forward. On the other hand, if the string or the string Ls released, the fugal force is not to take the motor 

the train is standing still at a railway stone goes off at a tangent in whatever cars or cycles off the track the road- 

62 






I 


I 


I 






■\ 








«.y .«*««« One of the most strikii , , , , . , 

** Chairoplane *’ with aerial chairs attached to a rotating device is always popular at fairs. As the apparatas r^tes faster wd toter 
those sitting in the chairs are whirled out farther and higher till at last they go round almost horizontally Of wurse, if the chains 
snapped they would be hurled to a great distance in a straight line, just as a ball whirled round on a string flies off if the string breaks. 
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Here U anotter entn^e ^ men ^ gun euriagee to go on in a straight line, but'erben by an efiort die horses 

h^i^irndtawsMtaw Inwards to orero^ the acUon of centrifugal force, wl^h would emijr them forward, tt 
are turned both «»« "J to gaUop forward in a straight line than to turn or ride in a drele. 
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MARVELS OF CHEMISTRY AND PHYSICS 


way must ^>e inclined so th^it the 
centrifugal force may be counteracted. 
It is like the stone and tlie string, 
only insft^ad of ]>u1ling the stone so 
as to prevent it flying oil, we push tJie 
car towards tlie centre to counteract 
the centrifugal force. 

KaiKvay tracks are also banked in a 
similar rnaniKir at all sharp curve,s. 
One of tilt! shows at a circus is often 
a cyclist wheeling round and round 
an absolutely ])(T])eudicular track, ht? 
himstilf, with his machine, riding hori- 
zontally. It is centrifugal force that 
prevents him falling to the ground. 

Centrifugal force can be seen in 
actum in many places. Cyclists riding 
round a corner, have to bend inwards 
to prevent themselves going on in a 
stra ight line. They are bringing centri- 
petal force into play to counti^ract the 
centrifugal forci;. At village fairs, the 
flying boats attached to a roundabout, 
as speed is incrca.sed, swing farther and 
farther to the horizontal. Tf the iron 
connecting them with the roundabout 
w^crc to snaj), the boats w'oukl be hurled 
far off in a straight line. 

For many ])ractical punm.ses, too, 
centrifugal force is used. It is by its 
aid that the (Team is separated from 
the milk as the fluid is whirled round 


in cream separators. In centrifugal 
pumps, a rapidly driven fan inside the 
pump drives the water into a discharge 
j>ipe ; the vacuum causc^d by its depar- 
ture makes room for oilier w'ater to be 
sucked up, s<i that a continuous stream 
of water is delivered by the pump. 

This powtTful force has, to be taken 
into consideration in all cases of rapid 
notary movcmicnt. If the rotor of a 
steam turbim;, for example, . w'ere to 
revolve beyond a certain speed, the 
thousands of blades fixed into its surface 
would b(i torn out by centrifugal force 
and do immense damage. When Sir 
Charles l^arsons, the inventor of the 
Parsons steam turbine, made his (^arly 
experiments he took great risks, for he 
ran his turbine more and more rapidly 
till its blades w^ere tom off. This was to 
discover how fast a turbine could turn 
without centrifugal force damaging it. 

We must iH^ar in mind that the globe 
on which we live is whirling round 
continuously at a very rapid rate ; at 
the llijiiator the speed is over a thou- 
sand miles an hour, and were it not for 
the force of gravitation everybody and 
everything on the Earth would be 
whirled off into space. The greatest 
t(;nd(‘iicy to fly off is, of course, at the 
E([uator, and it gets less towards the 


Poles, but where we are reading this 
book it is so great that we and the book 
and the house in which wc are living, 
and all the things in the street, could be 
hurled off the Earth. Gravitation acts 
as a ccrntripctal force and counteracts 
the centrifugal force due to the Earth's 
rotation. 

It must I>c remembered that this 
centrifugal force causes a body to weigh 
less at the Equator than at eitluT of 
the I’oles, because tlui force is greater 
there. It has been calculated that a 
body weighs onc-zSqth less at the 
fv(|uator than at the Poles. If the 
Earth’s .speed were increased seventeen 
limes, objects at the Ecpiator would 
weigh nothing. This increase of weight 
as we get nearer the Poles owing to 
the k'ssencd centrifugal force has 
nothing to do with the increase of 
weight at the Poles due to the flatten- 
ing of the ICarth. A body on Uie Earth’s 
surface at the Poles is a little nearer 
to the centre of the Earth, where the 
pull of gravitation Ls exercised, than it 
is at the Equator, and as the pull 
increases the weight also inen^ases. 

Inventors have often tried to over- 
come gravitation. We may be thankful 
that they have never bei'ii able to do it 
so far as the whole Earth is concerned. 



This drawing was prepared from material supplied by the Simplex Electric Company, and shows how the principle of centrifugal force 
is used to dry household washing. The wet washing is placed in a perforated container which is revolved inside an outer casing by 
an electric motor. As the container whirls around at high speed, the washing is thrown outwards and flattened against its sides. The 
centrifugal force created by the rotating container then throws the water off the wet clothes and other articles, leaving t^m perfectly 
dry in a matter of minutes. All of which is a wonderful improvement upon hanging washing on a line 1 
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HOW YOU CAN SEE THROUGH A BRICK 



There is a familiar saying that you cannot see through a brick wall, but here is a way in which you can, at any rate, see what is on the 
other side of a brick and appear to be looking through it. On the table are two telescope-like tubes, and when you look into the eye- 
piece you see quite clearly what is on the other side of the brick, although it is hidden when you look without the telescope. The stands 
of the two tubes are continued under the table and linked together by another tube. Four mirrors are arranged at angles, as seen, 
and the object looked at — in this case a vase of flowers — is reflected from mirror to mirror, so that what the observer really sees is not 

the flowers themselves, but the reflection of the flowers in one of the mirrors 


THINGS THAT ARE NOT WHAT THEY SEEM 



Appearances are often deceptive, and here are some r^kaWe examples. The 1^ of the men in the midffle picture do not appear 
straight, but if you hold the lecture horteontally and look along the legs you wdl sm that actually they are straight. SimiUrly, the figures 
in thi top left-l^d corner do not appear circles; they seem to be elhpses. Yw will find th^ are circlre if you test then^ith «>mp^. 
In both Mses the eve is by the plaid pattern. Look at the two figures m the bottom nght-hand comer. Who would think 

they were the same sixe ? Yet they are. Their position deceives the eye. In the bottom left-hand corner are some Mack squares 
separated by white lines. As you look at these the angles where the Unes cross appear to be gr^. In the right-hand top figure we seem 
to be down upon three cubes, but after a minute or two our vision appears to change and we are looking up at them 
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THE SCIENCE OF A LIGHTED CANDLE 


T he wonders ot modern science 
which seem so astonishing 
to-day are all the result of 
experiment. For centuries men have 
been testing and proving things, and 
one experiment has led to another, 
until mar\'ellous discx)veries have been 
made which can be put to practical 
use in industry and everyday life. 



The circular flame of a candle 


A little c^xperiment is worth a great 
deal of book knowledge, and every 
boy and girl can become a practical 
scientist in the senst* that he or she 
can perform scientific experiments. 

To do this it is not necessary to 
have elaborate apparatus and cx]W'nsive 
chemicals. 

Take, for example, such a familiar 
object as a candle. Here are a number 
of experiments which we can perform 
and which will teach us a good <leal 
of science. It seems a very ordinary 
thing to light a candle, and the flame 
does not appear very interesting. But 
as a matter of fact the flame is well 
worth studying, as Michael Faraday, 
the great scientist, discovered long 
ago. 

Though the candle is burning the 
whole of the flame itself is not alight. 



Water collected from a burning candle 


You can prove this by holding a sheet of 
white notepaper for a moment or two 
horizontally m the low'cr part of the 
flame near the wick. When you 
remove the paper you will find, as 
in the first picture on this page, that 
there is a black, sooty ring, and out- 
side this a ring where the paper is 


scorched. Why is this ? Well, the 
scorched ring is caused by the burning 
of the vapour of the flame, and the 
sooty ring consists of lamp-black from 
the particles of carbon in the bright 
section of the flame. But inside the 
black ring the paper is left white, 
because there the vapour rising from 
the burning candle remains unbumt. 

The candlc-flamc, if you look care- 
fully, will be seen to consist of three 
parts, a faint outside part, where the 
vapour is burning, a luminous section 
inside this, which consists of incandes- 
cent particles of carbon, and then a 



Collecting gas from a candle flame 


faint bluish section right inside, which 
consists of unburnt combustible vapour 
from the fat of the candle. 

If you hold a piece of thin glass 
tubing with one end in the faint blue 
of the flame, you can draw off this 
vapour and light it at the other end of 
the tube, where it burns with a faint 



Carbon dioxide produced by a candle flame 


light. Hold the glass lube with a piece 
of bent iron. 

It is easy to pul out a candle by 
blowing it, but you can also extinguish 
the fl«i.me by cooling it without Vjlowing 
it. Take a piece of copper wire, such 
as you can buy at the ironmonger’s, 
make a spiral, and then lower it while 
it is quite cold over the flame, which 
will go out, because the wire absorbs 
the heat. If, however, you heat the 
wire beforehand and repeat the experi- 
ment, the flame will go on burning. 

When a candle is alight hydrogen 
gas is burning. You can prove this by 
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holding a tumbler over the flame. 
Eventually little drops of water will 
form, and Anally trickle oil the tumbler. 
These are due to the hydrogen gas^ 
which is responsible for the flame, 
combining with the oxygen of the air. 
Water, as we know, is made up of 
oxygen and hydrogen gases. 

If you bum a candle in a jam jar. 



covering the jar over so that no fresh 
air can gcit in, the llamc will soon go 
out. The carbon of the candle-fal, 
when burning, combines with the 
oxygen ot the air, forming carbon 
dioxide gas, and this gas will not 
support combustion. You can prove tlie 
gas is in the jar by removing the candle 
and pouring in some clear lime water. 
The carbon dioxide? will change the 
lime in the lime water into ('.halk, 
making the liquid milky, and gradually 
the particles of chalk will sink to the 
bottom of the jar. 

That a candle uses up air when 
burning can be very simply proveid. 
Stand two lengths of candle in a bowl, 
fixing them to a piece of wood if 
necessary. Pour in water, light the 
candles, and invert over them a glass 
jam jar, seeing that its edges are below 
the water. 



Showing that a burning candle uses up air 


Soon the candles will go out, and 
when the jar becomes cool the water 
will rise in it. The candles in burning 
have used up some of the oxygen of the 
air, and the water rises to take its 
place. About one-flfth of the vacant 
space of the jar will be occupied by the 
risen water. 
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Wonders oFAnmal ^Plant Lrs 

HOW PLANTS RESEMBLE ANIMALS 

Very lew people realise how much alike in their nature arc plants and animals. Most of us think o( plants 
with their flowers and fruits as something entirely different in character from ourselves and other animals. 

But, as a matter of fact, the similarities are very striking, as wc read here. If more of us realised this, we 
should be kinder to the flowers. We should be as sorry to see a rose trampled upon as to see a dog ill-treated 



T here is a great deal of truth in what 
a kind and gentle lady wrote of 
some flowers that had been semt 
1 o her. ' ' The roses are here by my side. 

• I have just clipped the stems and 
given them fresh water, and they are 
giving me in return the very swe^etest 
possible fragrance. I wonder if you 
feel towards flowers as T do ? They 
always seem to speak of a great and 
w onderful Creator who is kind and loving 
as He is great. Heaps of other 
tilings they tell me — that a person 
who is delighted in giving flowers must 
himself feel and a])t)r(iciale tlieir 

WOlKhT. 

" 1 always feel a little sorry 
lor the. flowers, so beautiful in 
lhem^(;l\es, subjected to the 
iMiigh hniulling of 1h<‘ market 
men and flower women 1 
think that thi'v must often feel 
veiy hurl about it all. Ter- 
h«ips that is why tluy appn'- 
ciate the new' siinoundings and 
areendeavimriiig to prove their 
(ontenlnaml. I shonUl like to 
Hunk th.it to be the leason.” 

Plants are Sensitive 

Thepl.ints may not feel pain 
and pleasure m the same way 
i\> we do, but scientists have 
pioved they are definitely scii- 
•>itive and that a tree shows 
some res]j()nse to th<^ passing 
of a. cloufl overhead. 

Let us think for a inoiiKnil 
ol tlic many wavs in whicli a 
plant resembles an animal. In 
the first place it is a living 
creature which takes after its 
p.ir()nts ill character and is ailccted by 
the surroundings in which it lives. 
If those surroundings are hctilthy then 
the plant beaimes strong and sturdy, 
ind just as healthy children and men 
and women show by their smiles that 
they are happy, S(j the plant by its 
beautiful leaves and its lovely flowers, 
indicates that it is responsive to the 
pleasant surroundings. 

We, in common with all the animals, 
tiave to breathe in order to keep alive, 
and the same thing is true of the plant. 
Deprive the plant of oxygen and it 
withers and dies just as an animal 
does. The plant must breathe con- 
tinuously if it is to live. 

Wc take in the air through openings 
in our body — the nostrils — and the 
plant also takes in air through openings, 
though in its case they are so small that 
i microscope is needed to reveal them. 


Breathing indeed is the first tiling 
done by every animal and every plant 
as soon as it is born, and the breathing 
must be continued so long as life lasts. 

Then just as we must eat in order 
to grow, so the plant must do the 
same. Without food neither an animal 
nor a plant can increase or develop 
or produce anything. Of course the 
method of feeding is different in the 
two cases, for while an animal takes 
in food that is ready for digestion, the 
plant absorbs substances which .'ire 
not yet food. It makes thiise sub- 
stances into food in its liodv, and then 



Two stages in an interesting experiment to show how green 
plants always grow towards the light. Anyone can make a 
box of this kind and try the experiment for himself 


tligests them. But though the proC(‘ss 
is ditfenuit the substances that nourish 
the plant are very much the same as 
those that build up the animal. 

Plants also grow in the same w'ay 
as animals. In boUi cases the bodies 
are made up of tiny parts knowm as 
cells, and the plant or animal in- 
creases in size not by the cells them- 
selves becoming bigger and bigger, 
but by the nuinlicr of cells increasing 

Plants too, like animals, have 
weapons with which to defend them- 
selves from enemies. A man has his 
fists, a cat or a lion has claws, a dog 
has teeth, a snake has poisoned fangs. 
And so a blackberry bush has its 
prickles, a rose has thorns, a deadly 
nightshade has poison, a cactus has 
spines and a nettle has stinging hairs 
which arc used in the same way as 
the fists, claws and poison fangs. 
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The fight among the plants is indeed 
quite as fierce cis that among the 
animals. Leave the garden untended 
for a month or two, and the weeds will 
have grown up and killed many of the 
gardtm flowers that are not natives of 
the soil, and are thus less fitted for the 
b.attlc of life in those particular 
surroundings. How often we see a 
tree that has been killed by ivy 
climbing up the trunk, strangling the 
tree and drawing from it its life 
nourishment. 

.\s we know, among the animals 
there are males and females which 
become the parents of similar 
animals, and so in the plant 
world there are males and 
fein.'iles, and these produce 
young pl.'ints which are like 
theinselv'es. 

Care for the Young 

Tlu' animal parent in most 
cases cares for its young, and the 
plant parent does the same. 
Sonuitiines it does this by pro- 
tecting the young ofispring 
(that is the seed), so that 
enemies shall not dijstroy i1. 
The cocxmnt is a good example 
of this. In other cases by 
throwing the seed to a dis- 
tance' or lilting it with a y^ara- 
chiite arrangement for travel- 
ling, it enables the young y>lant 
to gi:t a good start in sur- 
roundings where it will be 
able* to obtain sufliciciit nour- 
islnm‘nt. 

Animals work at certain 
hours and then need rest ; and 
same way the plants work 
gimerally by day, "taking in substances 
and maiiufacturing them into food, and 
when the sun goes down suspend their 
oy^erations and take a rest just as 
animals go to sleep. 

There is great competition among 
thi! animals, for life is a fierce struggle. 
We find this when we are in com- 
petition with other boys and girls at 
sidiool, whether it be in an examina- 
tion or ill sport, and we find it still 
more so when we grow up and have 
to earn our living. In the same way 
there is much comi>ctition among the 
plants. They have to struggle for 
their existence ; they often crowd one 
another and only the strongest live. 

If we remember all thestj things wc 
shall never ill-treat a plant any more 
than we shall ill-treat an animal or a 
child. We shall be kind to the flowers. 


in the 



ANIMAL LINKS IN THE OLD AND NEW WORLDS 



Scientists believe that at some time in the past the American Continent has been linked with Europe, Africa, Asia and Australasia, because 
almost identical or related species of animals exist in the different continents. In this picture-map we see some of the links. The 
remains of extinct elephants, for example, are found in North America and the north of Europe and Asia. The rhinoceros, too, though 
now extinct in America, once lived there, as we know by remains that have been found. The big cats, represented by lions, tigers and 
leopards in the Old World, have their counterpart in the pumas and jaguars of the New. The llama of South America is a family relation 
of the camels of Africa and Asia. The ostrich of Africa has its family connections in the emu and cassowary of Australia and the rhea 
of South America. The birds known as trogons, too, are found in the Old and New Worlds. Monkeys are found in South America, 
Africa and Asia, and tapirs in South America and the East Indies. Boas are found in South America and Madagascar. Scientists 
believe that it is impossible for almost identical species to have arisen in different parts of the world independently 


THE NE'ITLE’S STING 

W K do not gfiuTally think of the 
stinging nett It*, so Loninion in our 
lields und lanes, .us being a very 
interesting plant. lnd«’t*d, we regard it as 
a great iiiiisaiK'e. and every time c»ur hand 
or leg sinaiTs through toiiehiiig its leaves 



The nettle's stinging hairs 


we wisli the plant did not grow in England 
at all. 

Hut, a.s a m.itter of fact, the .stinging 
nettle is a very interesting plant, and its 
means of defending it.self against ettemies is 
botli ingen lou.s and eflective. The leaves 
are covercil with many hairs, and these 
have at their ends rounded tips whiclt are 
very brittle. When we touch the nettle 
and a hair comes in coniiut with our skin 
the tip breaks oft, and the sharp jagged 
edge that is lett pierces our skin. 

The hairs are not solid, but are really 
lit tie lnbt‘s coiitaiiiiiig an irritating corrosive 
fliiiil which tlie plant produces. Directly 
our skin is picrcetl this fluid pours in from 
the hairs, and acts like a poison, setting 
up inflammation, and making our fle.sh 
smart and tingle. 

A Good Defence 

Naturally, we are very careful the next 
lime we come near any nettles not to touch 
them, and so they c*scape to a degree they 
would not do if they had not developeil 
such an ingenious method of defending 
themselves against foes. 

Some of us may have noticed that if the 
nettle be grasped firmly wc are not stung, 
and the reason is that instead of the brittle 
tip being broken off the hair is fractured 
lower down, and then there is no sharp 
or jagged edge to pierce our skin, and 
inject the corrosive fluid into our blood. 
The liquid simply runs away and does 
no harm. 
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A TREE’S HIDDEN PARTS 

W HEN we l(»i)k nl a trei do not sec 
It all, f< r there is nearly as iniicl' 
unciergr Hind as abc>\ e. 'J*hr niots 
search in all dir -ctioiis for water, and co\ci 
.'IS much spact' a tht* lioijghs and branches 



What a tree is like underground 




TWO KINDS OF AFRICAN RHINOCEROS 
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^ t. i Af frtiA whitik rhifioceros wis taken by nieht in Africa. The white rhinoceros is the largest member 

^ PjwtopM^.oI.**” Swert^t^he *hflvdter^ • of 14 feet from snout to tip of tiOI. Insome cues the 

of its fomihr. and often reaches a height of oi feet ex tne snoumr w • w . r 




sJSi afiSnl* to b^vSsa^ AWi^ Rhinoceros the sight is bad. but this is made up for bp remarkably keen scent and hoanng 
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A BIRD THAT CARRIES A FISHING NET 


The pelican is not a British bird, but we are all familiar with it because it is seen in our zoos, and is often kept 
in public parks. Its wonderful beak, which has a huge fishing net attached to it, is its chief feature, and the 
bird is, as we read below, one of the cleverest of all feathered fishermen. It is a good swimmer and flier 


T iik jK'lican is certainly one of the 
most remarkable birds livinjj, 
and when we see for the first time 
the bird s(*curing its food we get a real 
surprise. The upper part of the b(‘ak is 
rounded at the end. and a kind of keel 
that runs along the entire length ends 
in a claw-like hook wliich helps the 
bird to catch its prey. 

Hut it is the lower part of the beak 
that is so extraordinary. It is fitted 
witli a ca])acious bag which is not very 
conspicuous when the bird is at rest, 
but is capable of holding a great deal of 
food. 

The pelican lives mostly on fish, and 
when it is hungry goes into the water, 
ojwuis its ]>eak and scoops up fish, water 


themselves all over the country for the 
nesting season. Later they again 
assemble in flocks, and then when 
winter approaches fly oil to Africa once 
more. Tliere are also European pelicans, 
and .species j^eculiar to the Far East 
and Australasia. 

Pelicans are really most marvellous 
fishermen. They do not dive, but seek 
their foorl in small and shallow waters, 
either of a river or a seashore. They 
seem to be quite indifferent as to 
whether the water is fresh or salt. No 
fish, however small, escapes their keen 
eye, and even when they arc flying high 
in the air, if they see a fish swimming in 
the water far below they dart down 
upon it with unerring aini. 


vance and gradually drive the fish 
towards the shore. 

Although the pelican feeds mostly on 
fish it is not above seizing and swallow- 
ing a bird. Ducks have often been seen 
to disappear down the capacious 
throat, and some time ago spectators 
in St. James’s Park were surprised to 
see a pelican nip up a young duck and 
swallow it. 

The naturalist Audubon has given 
a graphic account of the American 
pelican, which is very similar in appear- 
ance and habit to that of North Africa. 

“ Lightly they float as they marshal 
themselves and extend their lines ; and 
now their broad, paddle-like fcc‘t propel 
them onwards. In yonder nook thp 



A pelican in a London park which has just caught a fish 


The great bag on the pelican’s beak 



and all. 'S'he water escajjcs over the 
side of the beak, but the fish is caught 
in the bag, and where there are plenty 
of fish a pelican will collect a whole bag- 
ful, and only swallow* his food when he 
returns to shore. 

Diftcrenl species of this bird are 
found in various parts of the w’orld. 
Flocks of thousands are seen in North 
Africa and along the banks of the Nile, 
and there are also American pelican.s, 
Avhich are to be found in large Hocks. 
Many of the African pelicans make 
their way to Southern Europe during 
the summer months, where they breed. 
Sometimes they get as far north as 
Germany. In Hungary flocks of five or 
six hundred arrive, and then .spread 


When seeking food they sometimes 
stand in the water, and at other times 
go out swimming after the fisli. When 
large numbers of them arc swimming 
on lakes they look like great beds of 
water lilies. On returning to shore they 
sit in the sun.shine, preening their 
feathers, and then fly up into the trees 
and, perching upon the branches, go to 
sleep- The trees th<;n look as though 
they were covered with massive white 
blossoms. 

When there are thousands of pelicans 
together, their method of catching their 
prey is ingenious. They assemble in 
some place where the water is of a 
suitable depth and arrange themselves 
in a semicircle or row and then ad- 


small fry are dancing on the quiet 
water. Thousands are there, and the 
very manner of their mirth making the 
water to sparkle, invites their foes to 
advance. And now the pelicans at once 
spread out their broad wings, press 
closely forward with powerful strokes 
of their feet, drive the little fishes 
towards the shallow shore, and then, 
with their enonnous pouches spread 
like so many bag-nets, scoop them up 
and devour them.” 

After it has been feeding the pelican 
will often dry its bag by opening its 
beak and stretching the bag over its 
chest, just as bathing costumes and 
towels arc spread on sands or bushes to 
dry in the wind. 
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THE WRECK OF THE WHITE SHIP 

The loss of the White Ship, with the heir to the English throne on board, is one of the most dramatic stories 
of English history, and has been recorded in both prose and verse. The story is well worth telling again, and 
here is the narrative compiled from the most authentic information that has come down to us from the records 
of the past. We may well believe the story that after losing his son and heir Henry the First never smiled again 


T ill-: average person knows very little 
about King Henry the First and 
his reign. Hut two things are 
familiar to nu)st of ns. We all know 
that Ht:nry was called Beauclerc or 
*“ Fine Scholar,” and we also know 
that his son and heir. Prince Willi am, 
was drownt‘d wlu'ii the White Ship 
was lost ill the Fnglisli Chann<‘l. 

With regard to Ifcnry’s scholarship, 
no doubt he was much better educated 
than the average man of his class at 
the time in whkli he lived. He is said 
to have been a good Latin scholar, 
and to have spoken JCnglish as well as 
French, but we are also 
told that he did not 
r«'ad nuich, and he cer- 
tainly coukl not write, 
fur Uie first Kiiglish 
king able to sign his 
name was Richard tin* 

■^(*001 id. 

A King Who Snored 

Of cuiirse, those who 
care to look into the 
matter find out many 
other interesting things 
about Henry. In ap- 
pearance he was short, 
thick-set, and dark, 
and he was physically 
very strong. His eyes 
wiTe bright, and when 
he slept he .snored 
heavily He did not 
overeat, as so many did 
in that day, nor did he 
drink to excess. It is 
UM fortunate for him 
that he should have 
died through eating a 
dish of laTnprey.s, which 
his doctors had forbid- 
den, for pi^ople have got 
the idea from this fact 
that he was a glutton 
Possibly the lampreys 
were not too fresh, and 
it may really have been 
ptomaine poisoning he 
died from after a week's 
illness. 

He often joked, but 
he could be very cruel, 
and rarely, if ever, for- 
gave an injury. If he 
praised a man it gener- 
ally meant that that 
man would be ruined 
before very long. 

He once quoted in 


the hearing of his father, William the 
Conqueror, the old proverb : ” An 
illiterate king is a crowned ass.” Hut 
although he prided him.self somewhat 
on his learning, lui got far more pleasure 
out of field sports than out of study. 
Hunting, iiuleed, was his favourite 
pastime, and in a park at Woodstock 
he kept quite a zoo. with camels, lions, 
Ij-nxos, and a porcupine. 

I^obably the event that affeclcd 
Henry’s life and character more than 
anything else was the loss of his son and 
heir. Hecause of his sad and sudden 
end a good deal of romance has ct'utrcd 


round Prince William, but he does not 
seem to have been a very attractive 
young man. ('ertaiiily he was no 
friend to the Knglish I’leople, and had 
been heard to say ]mblicly that if he 
ever came to reign over those miserable 
Saxons he woukl yoke them like oxen 
to the plough. Such an attitudi* 
towards the conquered race did not 
promise easy times should William live 
to succeed his father. 

Henry had been at war in France, 
and King l.x)ui.s of France and Count 
Fulk of Anjou had been his enemies, 
but he won j>eace not only by fighting 
but by the use of 
money and by .skilful 
management of his 
opj)on(‘nts. He married 
his son. Prince William, 
to Fiilk's daughter, and 
this had the ellect of 
detaching Anjou from 
the French c a u s e. 
'riieii Henry concen- 
trated his forces to fight 
Louis, and at the Battle 
of Brenncvillc lie not 
only put the French 
king to flight but cap- 
tured his standard. 
l\*acc followed, and 
Henry now determined 
to return to England. 
This was in December, 
1120 . 

The Fatal Request 

Henry, with his son 
William’, several of his 
children, and the Nor- 
man barons of Eng- 
land, prejjared to cross 
the Channel. A fleet 
wa.s assembled at the 
port of Barfleur, but as 
it was on the point of 
starting one Thomas 
Fitz-Stephen went to 
the King of England 
and, offering him a 
mark of gold, addressed 
him in these words : 

“Stephen son of 
Erard,my father, all his 
life served thy father 
by sea. It W'as he who 
steered the vessel in 
which thy father em- 
barked for the con- 
quest of £n|;land. My 
lord the King, I sup- 
plicate thee to grant me 



As the boat came alongside the sinking ship a distracted multitude jumped 
into her and she was swamped 
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the same office. 1 have a ship called 
La lilanche Ncf (that is the White 
Ship) which is well rigged and manned." 

Henry ariswere«l that he had already 
chosen a shij) for his passage to England, 
but that in consequence of the request 
f)f Fit/-Slephon he would entrust to 
that mariner’s safe conduct his sons 
William and Richard, his daughter 
Maude, and all their attendants. 

It was still daylight when the fleet 
stood out to sea. The weather was 
('aim and fine, and the vessel which 
carried the King was the first to set 
.sail, a south wind gently helping 
the ships across the sea. 

In response to a request from the 
iiUMi, I’lince William had given three 
ta.sks of wine to the ca])tain and 
sailors ol the White Ship, and these 
;ip])cared to have drunk so heavily 
that they became somewhat fuddl(‘<l, 
and there was a little delay in starting. 
The vcss(*l did not get away till lat(^r 
in the <*venirig, a considerable time 
lifter the King had St'dled with the 
other shi])s. In the hoUi of tlu* 

White Ship were some ca.sks 
ot wine and the royal treasure, 
but there was no other cargo, 
and it is quite probable that 
the, ship was too light owing to 
la? k of ballast. 

A Moonlight Voyage 

111 order that there might be 
IK) difficulty with the navigation 
of the ship, three pilots w(*re 
taken on board, and fifty ex- 
jierienced rowers assisted it on 
Its way, while an armed band 
of marine's formed tlie <T(‘\v 
Thomas Eitz-Stephen was him 
self at th(ii helm, and the ship 
made a line start, with a bright 
moon shilling from a clear sky 
on the dancing sea. 

The White Ship w^as steered 
along the coast in the neigh- 
1 H)iirl lood of B a r f I e ii r, the 
manners, stimulated by the 
wine which they had drunk, 
pulling stoutly at the oars and 
endeavouring to catch up with 
the King’s ship 

It was said that some knights 
and monks, observing that the 
vessel was overcrowded by 
riotous head.strong 3 ^ouths, had 
gone ashore again at Barlleur. 

It was also stated that when the 
soldiers boarded the ship they 
drove the regular rowers froiii 
their benches in a very dis- 
orderly way, and jeered Jiway 
the priests on the shore who, 
according to the pious practice 
of the day, would have blessed 
the voyagers and sjirinkled holy 
water on the vessel about to start. 

Whether that Im* so or not, the White 
Ship went gaily olf to song and the 
.-►hout of revelling But allliough the 
rowers pulled valiantly, the pilot seems 
to have steered at random. At any 
rate, he could not have used liis usual 
skill, for when the merriment was at its 
height the craft s iddcnly crashed on to 


those treacherous rocks which lie 
beneath the surfiice of the water and are 
known as the Raz de Catteville. 

If the rowers had been less energetic 
the worst results of the disaster might 
have been averted, but the ship was 
going swiftly, and when she struck the 
rocks her starboard was stove in with 
a fearful crash, which suddenly brought 
the revellers to a sense of reality. The 
water girshed through the opening 
made l)y the rocks, big waves washed 
<jvcr the deck, and as the torrent poured 
below numbers were drowned. 

The Cry from the Sea 

The awfiilness of the situation was 
realised at once, and a great cr^^^ went 
up from all those on the White Ship, 
w’hich it is said was heard in the 
King’s vessels already far away at si^a 
No one there, howevw, su.spected the 
cause of the cry ; they thought it must 
be the sound of sea-birrls screaming. 

Had it been low tide, when the weed* 






What of my lord, the King’s son," asked Fitz-Stephen 
** what has become of him ? " 


covered rocks became bare, there might 
have been hope for some at leasf of the 
ill-fated victims of the White Ship, 
but it was high tide and the rocks were 
covered with surf. Attempts were 
made wdth boat-hooks to hold the 
snip to the rcKrks and prevent her 
sinking, but all efforts were fruitless. 
The water continued to pour in, and 


in a tew minutes the ship, with her 
screaming, writhing, gasping company, 
went down. 

When the ship first struck, some ol 
the cooler persons had managed to 
lower a boat, and into this was placed 
Prince William with some of his 
friends. The boat was getting away 
safely from the danger spot when a 
shrill female voice rang out amid the 
terrible din It was the sound of 
William’s favourite sister Maude, and 
it is to his credit that he insisted that 
the boat should put back to rescuic her 

But those on the sinking White Ship 
were frantic with terror, and as the 
boat came alongside once more a 
distracted multitude jumped into her, 
and she was immediately swamped 
All those who had been in the boat were 
drowned A struggling mass of frantic, 
drowning people was all that was left 
of the proud ship which a few moment^ 
before had been making its way t<^ 
England amid gaiety aiid song. 

A writer of the period w'ailing 
on account of this tragedy' 
wrote : " Doomed ! Doomed to 
the abyss ! Purple and fine linen 
to rot in the depths *. children 
of kings to be fo(xl for fish. The 
nobles, the wealth, the glory, 
the grace of form, all coviTeil 
by the ocean." 

Fltz-Stephen*s Question 

'Thomas Fitz-Stephen, thi‘ 
ma.ster of the White Ship, had 
been thrown into the watei 
with the others. He sunk once 
and then rose to the surface, 
when seeing the heads ol two 
men who clung to a y«irdarm, 
he said ; *' Whcit ol my lord, 
the King’s son ; what has be- 
come of him ? " 

’’ We have seen nothing ol 
him," was the reply, *’ nor of his 
brothers or sister, nor of any ot 
their companions." 

" Woe is me ! " exclaimed 
^ Fitz-Stephen. "It were shame 
and wretchedness to survive ! " 
And he sank to rise no more. 

The two men clinging to 
the yardarm were Geoffrey de 
I^aigle and IJerthold, a butcher 
of Rouen. ‘ Tliey prayed, they 
spoke to one another encourag- 
ingly, they longed for day as 
only shipwrecked mariners can 
do. 

That winter night was very 
cold, and the weaker of the 
two survivors, Geoffrey de 
phen Laigle, soon l>ecame exhausted 
^ and lo.st his grasp of the spar 

which had supported him Com- 
mending his companion to the 
care of the Almighty he sank and was 
never seen again The sole survivor qt 
that proud company which had set sail 
was the -butcher of Rouen, perhaps the 
least important of all those who had 
embarked in the Wiite Ship from 
Barlleur. 

Wrapped in his sheepskin coat he 
inatuiged to support himself in the cold 
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sea until daybreak, when he was seen 
by some hshernien. who immediately 
went to his rescue and pulled him 
into their boat. He was taken ashore 
and there told the story of the tragedy, 
to the horror of all those who heard. 

One of these was a kindly old prelate 
who, when the White Ship put off, had 
lingered on the shore pouring out his 
blessings on the craft and its living 
freight. He had seen the white sail 
disappear in the gloom, had he^ird the 
singing and the merry 
laughter of those on 
board, had heard, too, 
the cry of anguish 
that went up when the 
loaded ship struck 
upon the treacherous 
r o <* k s. Whether he 
knew what the cry 
meant we are not told, 
but he continued to 
watch and ])ray until, 
in the morning, he 
heard from the rescued 
butcher what had 
really hap])eiied. 

It was not long 
before the evil tidings 
sprcjul. for bad news 
always travels fast 
fragments of the 
wreckage were washed 
up and dragged on to 
shore, including, so the 
chroniclers say, the 
:oval treasure. The 
boditjs of the victims 
wi'i'i* cast up for maiiv 
smceeding days on 
beaches far away. 

The evil tidings were 
soon carri(‘d across the 
(Miaiinel, and the news 
was s])eeilily know'ii at Henry’s court, 
I Hit no one dared tell the King that his 
son liad been lost at sea. It wa.s not so 
vt‘ry long ago that that son had been 
taken to France to win his spurs and 
ttj be acknowiedged by the barons as 
Henry’s rightful heir. The King was 
})rf)ud of the young man, and now how 
ec^uld the news be broken to him ? The 
lourtiers went about in agony. They 
d.ired not appear happy,' and yet 
they were afraid to show tlieir misery 
in the royal presence. 

A Littte Child Brings the News 

At last the courtiers had an idea. 
They took a child of Count Theobald's 
and having tutored him as to what he 
was to say and do, they sent him into 
the King’s presence to break the iiew\s 
to Henry. 

The child went in weeping and threw 
himself at the King’s feet. The 
monarch w'as naturally surprised and, 
rai.sing the child, asked bim w'hy lie wept, 
and then the boy, reciting the lesson he 
liad learnt, told the King that the 
White Ship had l>eeii lost at sea with 
all on board. 

Henry staggered and fell into a faint. 
At the very height of his triumph tliis 
terrible thing had happened. He was 
a victor on the field of battle, he 


was successful in diplomacy, he had 
strengthened his throne, arid he had 
secured the succession of his favourite 
son, only to find that all his hopes 
were dashc^d to the ground. 

The courtiers went forward and 
after a time they raised the King and 
led him to his private chamlrer, but 
none dared s|X!ak to him, and there 
they left him to his woe, to the terrible 
bitterness of his memories and his 
lost hopes. Never again, the old 


chronicle.s tell us, was Henry seen to 
smile. 

But it was not only the King’s 
personal hopes that sank in tlie cruel 
weaves off Barfleur ; tlie course of 
history was affected, too, for the death 
of the heir apparent cut off the lawTul 
succession to the throne, and England 
w’as to know later the misery of civil 
war resulting from a disputed succes- 
sion. 

At the time, how^ever, tlie lo.ss of 
I^ince William did not seem a grievous 
catastrophe Ut the English. As already 
told, the I^ince had throwm out hints 
of tlie harshness with which he would 
treat the English w^hen he succeeded to 
the throne, and it is not unnatural, 
tliercfore, that their chroniclers .show 
little compassion for the misfortune of 
the Norman king and his nobles. They 
call the loss of the \Vhite Sliip a divine 
vengeance, a judgment of G(xl, and 
dwell with much satisfaction on the 
idea that in the wreck there w^as some- 
thing of the supernatural ; otherwise, 
they ask, how could such a tragedy 
have occurred in calm weather on a 
tranquil sea ? They remind us of Prince 
William's words and of his malevolent 
designs towards the English nation. 

" The proud youth ! ” exclaims a 
contemporary. He thought of his 


future reign, but God said, ‘ It shall not 
be so, thou impious man ; it shall not 
be so ’ ; and it has come to pa.ss that 
his brow, instead of Ixsing circled by the 
crow^n of gold, has been daslied against 
the rocks of the ix'ean. It w'as (iod 
Himself Who so ordered that tlie son 
of the Norman should not again see 
England.” The English still regarded 
their king as a foreigner. 

Mrs. Hemans, the poetess, has told 
the story of the loss of the White Ship 
in the verses beginning ; 

The bark that held a 
prince went down, 

■J'lie waves 

lolled fm ; 

And what was Kngland's 
f^lorious (Town 
'I o him that w<*pt a son ? 
He lived - for life may 
loiiK be borne, 

I! re sorrow break its 
chain ; 

Why comes not death to 
thos(‘ who mourn ? 

ITc never sniiU^d ai^ain ! 

There stood proud foniis 
befoie Ins throne, 

The stately and the 
brave ; 

But which could fill the 
place of one, 

T h.it one beneatl) the 
wave ? 

Befon* him passed the 
younj; and lair, 

111 pleasure’s reckless 
train ; 

But seas daslunl o’ci his 
son’s bright hair • 
lie never smiled again! 

Hearts, in that time, 
closed o’er the trace 
Of vows once fondly 
poured. 

And strangers to(dt the 
Kinsman’s place 
At many a joyous 
board ; 

Gra\es, which true love had bathed with 
tears, 

Were left to heaven’s bright rain. 

Fresh hopes were born for other years — 

Ht! never smiled again ! 

Henry married again, but he had no 
children by his second w'ife, and he had 
to resign himself to the bitter know- 
ledge that he would leave no male heir 
to the crown of England. 

A Usurper Seizes the Crown 

His daughter Matilda, who had been 
the wife of the German Emperor, be 
came a widow, and Henry brought her 
back and determined to make her suc- 
cessor to his throne of England and his 
dukedom of Normandy. I3ut no female 
so\'ereign had sat upon an English 
throne since the time of the Ancient 
Britons, and both English and Nor- 
mans were opposed to this scheme of 
placing the nation under the govern- 
ment of a woman. Henry, however, 
w'as a pow*erful king and a bitter 
enemy, and so, although the barons 
murmured in secret, they dared not 
oppose his will openly till after his 
death. 

Then they sided with the usurper 
Stephen, and so Henry’s daughter lost 
the crown that her father was so 
anxious to place upon her head. 



The child went in weepmg and threw himself at the King’s feet, at which 
Henry was naturally surprised 
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WEIGHING THE EARTH ON A TALL TOWER 



These pictures show one of the ways in which the Earth has been weighed by men of science. From each end of the horizontal beam 
of a balance placed on top of a tower was hung a pair of scale pans, one far below the other. In the upper pans were placed two glass 
globes filled with quidrsilver, and in the lo¥rer pans two empty globes. The balance remained horizontal, as seen in the left-hand picture. 
The scientists then transposed the full and empty globes on one side of the balance, as shown in the right-hand picture, whereupon the 
beam tilted on that side, because the quicksUver, being nearer the Earth’s centre, was attracted more l^y gravitation. When a Urge 
leaden sphere was placed under this lower globe of quicksilver it was drawn down still more, and by measuring the amount of tilt, the 
attraction of the lead ball, and the attraction of the Earth, the Earth’s density and weight could be calculated 
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DIFFERENT WAYS OF WEIGHING THE EARTH 

It is easy enough to weigh a pound of apples, or even a ton of coals, but how can the Earth be weighed } 

We cannot take it up and put it into the pan of a balance, nor can we hang it to a steelyard. Nevertheless 
men have found out ways of weighing the Earth, and some of these are described here. The results arrived 
at are about the same in all cases, and we know beyond the shadow of a doubt that the weight, or, to speak more 
correctly, the mass, of the Earth on which we live is nearly six thousand million, million, million tons 


W hi:n wo speak of an object as 
weighing one pound, wo mean 
that it has in it one pound of 
material, or, as men of science say, the 
mass is one ])Ound. Mass is the (|uan- 
tily of matter in a body, and weight is 
tile pull which the Earth exerts upon 
it. l*’or ordinary purposes of every flay 
life, mass find weight are the same, 
though when we want to be really 
accurate we find that this is not always 
tli<‘ case 

Of ( oiirso it is easy to weigh a small 
object, such as a loaf of bread, a sack 
of coals, ov even a railway wagon, by 
putting It on the .scales. Jiut bow can 
llu' Earth be weighed, or, to be strictly 
accurate, how can we 
iiiid out the mass of the 
l!!arth, that is, the 
amount mattcir in it? 
t)bviously we cannot 
})ul It in the scales, but 
nun of science have 
found out varifHis ways 
of discover i ng t he 
Earth’s mass, aiul they 
all give very nearly the 
same result. 

The World’s Weight 

The Earth, as a 
uliole, is just a little 
over 5.J times as heavy 
as a ball of water of the 
same si/o. This means 
that its weight or mass 
155,832,000,000,000,000, 

000,000 tons. 

It seems a very won- 
derful thing for men to 
be able to tell us this. 

Let us see how they wont 
to work. 

The first serious al- 
tempt to weigh the 
Earth was made in 
Scotland. Just as the 
great mass of the Earth 
pulls or attracts a 
smaller body, so the 
great mass of a moun- 
tain will do tlie same. 

Men of science there- 
fore took a plumb-line and suspended 
it near the foot of Mount Schiehallion, 
in Perthshire, and measured how much 
the plumb-line was drawn out of the 
perpendicular by the mountain's at- 
traction. Then they took the plumb- 
line to the other side of the mountain 
and again measured the deviation very 
carefully. 


Next tlu;y worked out as accuriitely 
as they could Iht; size and mass and 
then the density of the mountain. 
1 density, of course, means the clos(»nt‘SS 
of tile material in an obj(;ct. as com- 
pared with water, which is ri'ckoned 
as r. They found that the tlensily 
of tlie mountain was 2I times tliat of 
water ; in other words, the miiuntaiii 
was 2.J times as heavy as a body 
of water occupying the same space 
would 1 m‘. 

Now. they reasontsi, if the mountain 
attracts the bob of the ]dumb-line to 
a certain specified degree, and the 
E.arlh attracts it (as they found it did) 
t 1 liiiK's as much, then the density of 


the whole Earth must be times that 
of the mountain, liy multiplying the 
density of the mountain, which was 
2j, by If, therefore, they found the 
density of the Earth to l)e 4I times 
that of water. 

Various other experiments of the 
same kind were soon carried out more 
accurately, when the Earth's density 


was proved to be a little more than 5i 
limes that of water. 

Having discovered the density of the 
Earth as a whole, it was quite easy to 
work out its weight or mass. The cir- 
cumference and diameter were known 
From these were worked out the size of 
the J^arth, that is. the number of cubic 
miles it occupies, and then it was easy 
to calculate what a similar-sized ball 
of water would weigh, which, multiplied 
hy 5i, gave the mass of the Eartli. 

Hut this is not the only way in which 
the ICarth can be weighed. Spheres 
of the same specific gravity attract 
small objects on fir near their surface 
with a force which is in proportion to 
t h c d i a m ti t e r of the 
spheres. Thus a ball 
four feet in diameter 
attracts with twice the 
strength of a ball of the 
same material two feet 
in diameter ; one of six 
feet attracts three lime.s 
as strongly, and so on. 

Using a Model 

Now the Earth is 
nearly 42 million feet in 
diameter, or just over 
twenty million times 
that of a ball two feet 
in diameter. If, then, 
we make a small model 
of the Earth two feet in 
diameter, having the 
same average specific 
gravity as tlic Earth, it 
would attract a small 
object such as a pea or 
a shot with one 20- 
millionth part of the 
attraction of the Earth. 

But wo are setting 
out to discover -the 
specific gravity of the 
£1 a r t h . We therefore 
use a globe of lead and 
find out how much that 
attracts an object as 
compared with the 
Earth. Then, by a 
series of minute calcu- 
lations, the specific gravity of the Earth 
can be worked out and eventually its 
mass or weight. 

It was this method that was carried 
out in 1798 by Henry Cavendish, the 
wealthy grandson of a Duke of Devon- 
shire. He was a queer man, who used 
to leave notes on the hall table telling 
the servants what he wanted for dinner. 



Here we see how Henry Cavendish weighed the Earth by suspending from 
each end of a delicate balance a little ball of lead. He brought near these 
balls two large spheres of lead and noted how much their attraction twisted 
the balance. By elaborate calculations he then worked out how much more 
the Earth attracted the little balls than did the large spheres of lead, and so 
calculated the density of the Earth. It was then easy to find its mass or weight 
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They had strict instructions to keep out 
of Ills sight on pain of instant dismissal. 

Hut he was a very clever man, and 
was described as *' The richest of all 
the wise men, and probably the wisest 
of all the rich/' He gave his life up to 
science, and one of the great things he 
did w'as to weigh the Earth by means 
of a very delicate balance known as a 
torsion balance. 

How Cavendish Weighed the Earth 

’* 'J'orsion is a word that means 
“ twisting,'' and a torsion balance is 
one in wliich the horizontal arm is 
sus])en(led by a very thin wire or fibre, 
winch enables the arm to twist hori- 
zontally in any direction ('avendisli’s 
m:*thod of weighing the Earth with 
this a]^]>aratiis was as follows • 


meJisurcd, and then the two large 
balls won' turned round in the opposite 
direction, until they nearly touched the 
opposite small balls. Again the balance 
was twisted and the angle of deviation 
measured. 

('avendish was then able, by elaliorate 
and careful calculations, to find out 
how much more the Earth attracted 
the little balls than did the large balls 
of lead, and from these figures he 
worked out the density of the Earth, 
making it about five and a half, as had 
been done by the other method of 
weighing the Earth. Then, of course, 
he could calculate the mass of our 
globe. 

Still another method of weighing the 
Earth is by means of a pendulum. 
When we lift the bob of the pendulum 


that, swinging in London, makes 
80,535 vibrations in a day, will make 
only 86,400 if swung at the Equator 
over the same period. The reason 
is that owing to the flattening of the 
Earth towards the Poles, London is a 
little nearer the centre of the Earth, 
where the pull of gravitation is con- 
centrated, than a place on the Equator, 
and so the gravitation at London is a 
little more powerful than it is at the 
Equator. The pendulum is therefore 
retarded slightly at the Equator, 
because the pull upon the bob is less 
than it is in London. 

An Astronomer in a Pit Shaft 

Now this fact about the pendulum 
has been used for weighing the Earth, 
that is, for calculating its mass. A 




These pictures give a rough idea of the first attempt to discover the mass or weight of the Earth. A plumb-line was siispended on one 
side of a mountain, and the amount of deviation owing to the attraction of the mountain was measured. Then the plumb-line was taken 
to the other side of the mountain and the deviation in the opposite <tirection measured. From these facts the ^nsity of the mountain 
was worked out and scientists calculated how much more the Earth attracted the pendulum than did the mountain. Then they worked 
out the density of the Earth and, knowing its size, they coidd calculate its mass or weight 


He snsi)?iided from each end of his 
balaneti h little ball of lead 2 inches in 
diameter, and each weighing rather 
more than a pound and a half. Then 
he tocik two large balls of lead, each 
12 inches in diameter and weighing 
jKuinds, and liung the.se from 
another horizontal arm which also 
could be moved round horizontally. 

First of all the big balls were sus- 
pended at right angles to tin* torsicni 
rod ; then they were grudiiallv brought 
round till they ab.nost touched the 
little balls. The delicate torsion 
balance twisted slightly as the small 
balls were attracted l\v the large 
ones. The angle through which tlie 
horizontal balance moved was carefully 


and then release it, it swings down 
because the Earth attracts it. Of 
course the momentum it gets in the 
downward passage carries it up on the 
other side, but very soon it falls back 
again, and goes up on the opposite 
side : and so it swings to and fro, the 
r(*ason being that the bob of the 
pendulum is conslanlly attracted by 
the J^arth and tries to get as near the 
Earth’s centre as possible.. 

The Behaviour of the Pendulum 

If the pull on the laib is decreased 
the sjK'ed of the jieridulum gets less, 
and by this means it is p>o.ssible to 
ineasuft; the exact amount of decrease 
of the pull. For example, a pendulum 

7 ^* 


former Astronomer Royal, Sir George 
Airy, swung a very delicate pendulum 
at the mouth of a deep shaft, and 
calculated the number of vibralioas 
in a given time. Then he took the 
])endulum to the bottom of the shaft, 
1,200 ftM!t lielow, and swung it in the 
same way. There the bob of the 
pendulum, being nearer the centre 
of the Earth, swung more rapidly, 
because the pull of gravitation was 
greater than at the top of the shaft. 
From the difference in the vibrations 
above and below the ground he was 
able to work out first of all the density 
of that part of the Earthy's crust tlirough 
which the pit was sunk, and then the 
density of the whole Earth. The 
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result was the same as in the other 
cases. 

In more recent times yet another 
method of calculating the Earth’s mass 
has been carried out in Germany. In 
1879 Professor von Jolly, at Munich, sus- 
pended a curious balance from the top 
of a tower. From each end of a horizon- 
tal l)eam hung two pairs of scale pans, 
one pair being 69 feet below the other 
pair. In the upper pans were placed 
two glass globes filled with mercury or 
quicksilver, and in the lower pans two 
empty glass glolxss. At this stage the 
balance remained absolutely horizontal. 

Mercury In the Balance 

Then the professor transposed the full 
and empty globes on one side of the 
balance, that Ls, he put an empty glass 
glot)e in the top pan and the globe filled 
with mereuxy in the bottom pan. At 
once the horizontal beam tilted slightly 
oT» the side where the change had been 
niafle. Tliis was due to the fact that 
t he mass of quick.silver, being now nearer 
!lu‘ Earth’s centre, was attracted more 
than it had been when it was above, 
and it therefore tilted the beam. The 
iimoTint of tilt was carefully measured. 

Then a large leaden sphere was ]fiaced 
under the lower pan filled with mercury 



Another way in which the Earth's mass has 
been worked out is by noting the difference 
in the swing of a pendulum above and below 
a deep mine 


and the lieam tilted still more. Again 
the deviation was recorded, and then 
from the figures thus obtained the 
density of the Earth could be worked 
out, and here the result was similar to 
that obtained by the other methods. 

We- may therefore be quite sure 
that the weight of the Earth, or its 
mass, is, as the men of science have 
worked out by so many metliods, 
nearly six thousand million million 
million tons. 

The Romance of Mathematics 

All this is a proof of what a wonderful 
and romantic science mathematics is 
Some people think it is a dry subject, 
but we have perhaps learnt more of the 
universe in which we live through 
mathematics than through any other 
science. It was, as we read in another 
part of this book, by means of mathe- 
matics that the two latest planets 
in the Solar System wore discovered. 
Indcf^d almost all the .sciences are 
dependent upon mathematiees. and 
increasingly so as time goes on. This 
is particularly the case in such sciences 
as physics, astronomy, chemistry and 
mechanics. We must remember that 
the very earliest steam engines were 
the inventions of mathematicians. 


THE SUN SEEN SHINING AT MIDNIGHT 






Owing to the tilt of the Earth the Arctic regions in summer are turned towards the Sun, and the result is that as the Earth turns round 
on Its axis no part of the Arctic 'regions is out of view of the Sun. Even at midnight the Sun can be seen shiniiM in the Daylight 

exists for the whole of the 24 hours. Tourists often go to North Cape in Norway to see the imidnight Sun. Of course, in winter the 
North Polar regions are turned away from the Sun, and then inside the Arctic circle they have the long Polar night, lasting for several 
months. But at that time the South Pole is turned towards the Sun, and then in the Antarctic circle the Sun can be seen at midnight 
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A GRANITE RAMPART SMASHED BY THE SEA 







The power of the sea is beyond all belief, and nothing can in the long run withstand its destructive force. Breakwaters built 1^ man 
have constantly to be repaired and renWed to prevent their being washed away. Here is a remarkable example of the power of the 
sea. The photograph was taken at Sennen Cove in Cornwall, and shows how the massive granite cliff, which seems so indestructible 
and impregnable, is being broken up by the great waves of the Atlantic Ocean. Some of these waves in an angiy storm exert a force 
equal to nearly four tons on every square foot, and they can not only smash the rock but toss about blocks of stone and boulders 
weighing as much as thirty or forty tons. Everywhere, as it beats upon the shore, the sea is breaking up the rock. A shingly or sandy 

beach is a proof of how surely it can grind up even the hardest stone 
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WHAT WE OWE TO THE INCLINED PLANE 

The inclined plane is one of the simple mechanical powers which man has discovered, and brought into 
everyday use, and very valuable it is in helping us to do all sorts of things that would be difficult or impos- 
sible without it. When we cannot lift a heavy load to a height, we can push or pull it up an inclined 
plane. The screw, without which all the complicated machinery of modern industry would be impossible, is 
only an inclined plane wound round a cylinder. Here wc read many interesting things about the inclined plane 


A ll our machineiy, even the most 
complicated, is really a com- 
bination of a few very simple 

i irinciples. We have already seen on 
^age 3 how the lever helps men to do 
things which, without its assistance, 
might seem quite impossible. 

But the lever is not the only simple 
device which man has adopted and 
developed. Another of these is the 
inclined plane, and at first thought we 
might not regard that as a mechanical 
powi'-r or a simple machine at all. But 
without it we could not get on. It is 
as valualile as the lever and comes into 
almost every departin(*rit of our lives. 

Our very homes could not exist if it 
were not for the applications of the 
mdinecl plane. Tiiis meeluinical ])ower 
is louiul in the walls, doors, 
furniture, clocks, mangle, 
sewing macliine, gramo- 
]>1ione, and a luindrerl other 

(l<‘vices which make life 

pleasant and comfortable. i 

We shall see a little later _ 

nn flow it comes pass 

til at the inclined plane -’-I 

enters into these things 


A Machine of Many Uses 

An inclined plane is 
merely aslo}>e, but whether 
it be a ])lank up wliieh we 
roll a barrel, or a slanting 
road, it is nevertheless a 
machine, for it enables us 
to do what, without its aid, 
would be impossible or very 
difficult. 

Wc cannot lift a heavy 
barre-J four or five feet verti- 
cally to place it in a cart ; 
but we can roll it up a 
plank without very much 
trouble. In doing this wc 
have used an inclined plane 
as a machine to .simplify 
our work. 

The idea of this device is 
very much the same as that 
of the lever. By means of a 
small force acting through 
a long distance the same 
amount of work can be 
done as by a large force 
acting through a short 
distance. To go back to 
the raised barrel in greater 
detail, we cannot lift a 
barrel weighing a hundred- 
weight vertically to a height 


of five feet, but we can raise it easily 
to this height by pusliiiig it up a sloping 
plank ten feet long. In the same way 
a horse can pull a heavily loaded cart 
up a slightly inclined road when it can- 
not possibly move the weight up a road 
inclined at 45 degrees. 

It is by using this principle of the 
inclined plane that trains and motor- 
cars are able to travel to places high 
up on mountains. The road winds 
round and round or to and fro up the 
mountain side, and is really a very 
long inclined plane. 

Let tis see to what extent tlic iztc lined 
plane helps us to do work which without 
its help would Ih', diflicult and h(‘avy. 
If we use a force which acts parallel 
to the inclined plane, we can su]>f>ort 


All these men cannot lift this heavy cable drum into the lorry 



With the aid of the inclined plane two men can now do what eight 
men could not do without its help 


a weight as many times greater than 
that force as the length of the inclined 
plane is greater than its vertical 
height. Here is an example : 

If a man wishes to lift a body weigh- 
ing two hundredweights to a height of 
three feet, he would have to exert a 
force equal to two hundredweights if 
he lifted the w^eight vertically. But 
if he used an inclined plane twelve 
feet long, he w'Oiild then require a 
force only three-tw’elfths of two hnn- 
dredw'cights, that is, 56 i»ounds. 

As we go about we constantly see 
the inclined plane being used in this 
way. Mi‘n load carts by its means, 
they let barrels or packages down into 
cellars easily by using the inclitied plane, 
and they travel in hilly and mountain- 
ous districts wdth its lielp 
But they do more than 
' this, they adapt the inclined 

plane in all sorts of ways. 
Tlie w'edge, for instance, for 
I holding o])en a tree trunk 

hH while it is being saw^n 
througli, or for splitting a 
m log, is really a double in- 
])laiic. Another way 
in which the wedge is used 
is in launching a ship, 
wedges being driven under 
the keel. 


The Invaluable Wedge 

But there is a still more 
familiar use of the wedge. 
Every one of us is using the 
vv edge constantly. All 
cutting and piercing in- 
struments, such as knives, 
razors, shears, scissors, 
scythes, sickles, axes, chop- 
pers, spades, spoons, pins, 
needles, nails, and .such 
weapons as swords, 
bayonets, spears, lances and 
daggers are examples of the 
wedge, the angle being more 
or less acute according to 
the purpose for which the 
tool IS required. 

The very first wedges 
known were the front teeth 
of animals and men. Every 
time that we bite an apple 
or a piece of bread-and- 
butter we are using the lever 
of our jaw to drive home 
wedges, which are our teeth. 

But a still more remark- 
able and useful application 
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WAYS IN WHICH WE USE THE INCLINED PLANE 



Here are many ways in which we use the inclined plane. The screw is, of course, only an inclined plane wound round a cylinder. 
1. Sloping railway platform. 2. Knife edge. 3. Loading plank. 4. Screw-iack. 5. Scissors. 6. Needles and pins. 7. Inclined 
mountain railway. 8. Spiral staircase. 9. Screw-turned press, xo. Bolt and nut. ix. Nail and wood-screw. X2. Plane blade. 
13. Chisel edge. 14. Screw-vice. 15. Inclined roadway. x6. Rasor edge. xy. Saw teeth. x8. Micrometer screw, xp. Wedges. 
20. Axe blade 21. Sword blade. 22. Slope. 23. Worm gear elevator. 24. Spear-head. 25. Gimlet. 26. Worm gear for ihotor car 
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of the principle of the inclined plane 
is in the screw. This is simply an 
inclined plane wound spirally round 
a cylinder. Cut out a right-angled 
triangle in paper, with its shortest side 
two inches and the side that makes a 
right angle with the short side eight 
inches. Now roll this round a black- 
lead pencil, beginning with the short 
side and ending up at the point We 
shall have a representation of a screw. 

The interval between successive 
threads of the screw is called its pitch. 


chair, in a jack-screw, and in scores 
of other tools and machines. In such 
devices as a press or a vice it is the 
inclined plane which moves as the 
screw is turned, but the principle 
is the same as when a barrel or a truck 
is wheeled up a stationary incline. 

The screw is also used for measuring 
minute distances, as in the apparatus 
known as a micrometer-calliper. T-et 
us understand the principle on which 
this works. Suppose a screw to have 
fifty threads in an inch : each rcvolu- 


agaiiist this graduated circumference 
the hundredth part of a revolution of 
the screw can be seen by noting the 
passage of one division of the head 
under the scale. As one entire revolu- 
tion of the screw head moves the point 
through the fiftieth of an inch, it is 
clear that one division will correspond 
to the five- thousandth part of an inch. 

Another example of the use of the 
screw is in the worm gear where tlie 
thread of a screw acts in the teeth of a 
wheel. 



A huge handpress at a London silversmith's, with its screw which The slanting road of the St. Gothard Pass in the Alps, an inclined 
is an adaptation of the inclined plane plane put to practical use 


and the finer the pitcli of the screw 
the less force will be rc<juircd to make 
one turn, ju.st as in the ordinary 
inclined plane the less the slope the 
less the force required to raise a body 
by its means. 

The screw is used in a great variety 
of >vays. We screw wood and metal 
together, wc use the screw in a letter- 
press, in a vice, in an adaptable desk 


tion of the screw will advance its 
point through the fiftieth part of an 
inch. Now sup|xxse the head of the 
.screw to be a circle whoso diameter 
is an inch : the circumference of the 
head would in that case be rather more 
than three inches. This can be easily 
divided into a hundred equal parts, 
which are distinctly visible. 

Now', if a fixed* scale be arranged 


Of course, it must be remembered 
that in tluj screw the friction is very 
gn?al in proportion to the force applied, 
and this reduces to a large extent the 
amount of work which the screw' 
theoretically does. On the other hand, 
it is the friction w'hieh makes the screw 
useful in holding boards together. If 
it were not for the friction the least 
shake would cause the screw to turn 



The Yale tm of lock for actreet door hasanarrow cylinder revolving withinalarger fixed cylinder. In the moving cylinder is a narrow 
twisted kqrnole, and when the 1^ is inserted a number of notches on it raise up pins in the lock unUl their tops are in a line. The first 
picture here shows the door lock^ and in the second picture the key has been inserted, raising the pins. The k^ is now turned, and 
with pins raised, is aUe to revolve the small cylinder, which turns hack the bolt of the lock. Each lock of this kind has its own 
individual k^ to fit the pins. The key, being small and fiat, is easy to carry in the pocket 
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ENSroE A TURBINE STEAMSHIP SHOWING 

' ' ' '■.S' V ■'* ? "'V * V'' 5 

' ■' " * ’ ' ' .■-?•' . ;■ ■' ' 'X'i' 



The drawing on these pages shows the inside of a medium-sized passenger and cargo liner. The driven ^ tw pri^peMcre turned 

by turbine engines taking steam from oil-fired boilers. Oil is pumped from the fuel tanks to the burners which turn tiie watei^nto 
steam. Smoke and waste producte from the burning oil are carried by uptake to the funnel. High pressure steam from the boiler 
oasses to the turbines (explained on page 1221). After passing through the turbines the steam goes to a condenser, where it is mrned 

mto water again and UA tack to the boilers. The turbines turn too quickly to drive ^ K®***V*m •hl^®tta^tafte*oS 

connected to reduction gearing, which drives the propeller shafts, but at a lower speed. Thrust blocks through -which the shafts pass 






HOW IT IS PROPELLED AND STEERED AT SEA 



k«ep the propeller shafts running true. On the bridge, the oliicer in charge signals to the engine-room control platform whether he 
wants the shm to go faster, slower, stop or reverse. The signals are reproduced on dials and the enpneer then moves the levers con- 
trolling the engines. The ship is steered by the rudder, and the rudder Shaft is connected to a half-circle gear, moving across a worm 
gear connected 1w rods and wheels to the wheel on the bridge. When the wheel istumed to the right, gears and valves allow some steam 
from the boiler to enter one of two pistons above the rudder. The piston is pushed forward and causes a cog wheel engaged with the 
half-circle gear wheel to move the rudder to the right. Admitting steam to the other piston turns the rudder in the opposite direction 

83 


F I 








SATURN AND HIS MILLIONS OF TINY MOONS 



In this picture our saentific artist shows Saturn and his rings, which are m^e up of mUlions of tiny m^ns. As 
pUn. » the outer part of each ring moves more slowly than the inner part, which could not ^ the case if the rings were solid. 
his wonderful system of rings is the most surprising body in the whole of the heavens. Astronomers believe ttat the nn^ once formed 
part of a large moon and that this, getting too near the planet, was tom to pieces, and the fragimnts then circled rouiul ^turn just as the 
, SuS’s plL^circle r^nd him. One day our own Moon may be drawn so close to the Earth that it will meet the same fate 
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Wonders of the Sky 



A WORLD WITH A BILLION MOONS 

As we look up into the sky there is a certain similarity about the various heavenly bodies. They are all 
round, and they shine or twinkle, although of course there is an enormous variation in their sizes and their 
temperatures. But there is one bc^y, the planet Saturn, which is quite different from all others. It is one 
of the Sun’s family of worlds, but it differs from the others in having a scries of gigantic rings whirling round 
it. It is in some ways the greatest wonder of the heavens, and here we learn something about it 


A s wc kx)k up into the sky at certain 
times of the year we see what 
appears to be a large, rather dull 
star with nothing particular to distin- 
guish it from the other heavenly bodies. 
But astronomers will tell us tliat this 
is the planet Saturn, and if we can get 
them to allow us to look at it through a 
large telescope wc shall see a most 
remarkable sight. 1 nstead 
of the ordinary round 
glolxi which is t he appeal - ^ ^ 

jinci* of other planets, we 
shall see a rather flattened 
glolx;, much flatter in 
sha]>e than the Earth, 
with a seiies of huge flat 
rings round it. 

As we h'xflt at Saturn it . 

d(»es not alwfiys present 
the same apjx-'arance, for sometimes 
we arc looking down at the rings, 
sometimes up at them, and sometimes 
we see them edgeways. It is a strange 
fact that whiU: these rings are very 
wid<* —their total breadth is about 
42,000 miles — tiiey are very thin, pro- 
bably li'ss than loo miles. Indeed, they 
are siiinething liki; a ring of notepaper 
put round a large orange, 

Saturn has been noticed from very 
ancient times, but nothing was known 
of his rings till tkiUleo turned his 
telescopti on the planet in lOio and saw 
something which puzzled him. “ It 
appears triple to me," he wrote; "the 
largest star .sland.s in the centre, the 
other two lie on a level, one east, the 
other west, and appear to touch the 
centre star. They seem like two 
servants a.ssisting old Saturn to 
Complete his journey, and do not 
budge." 

A Perplexed Astronomer 

But they did budge, for Galileo found 
that after Ixrcorning .smaller, in two 
years they had disappeared altogether, 
lie was very upset at this, and could 
not understand it at all. "I do not 
kn(.)w what to say in a case so surprising, 
so unlooked-for, and .so novel," he 
wrote. " The shortne.ss of the time, 
the weakness of my understanding, and 
the fear of bc;ing mistaken, have 
greatly confounded me." 

But the great man was not mistaken. 
The strange additions to the planet 
reappeared later, and though at first 
they were supposed to be attendant 
moons, and even handles attached to the 
planet, their true nature was discovered 


in 1656 by a great Dutch astronomer, 
Christian Huygens. It was such an 
extraordinary discovery^ that Huygens 
felt he dared not announce it at once, so 
he recorded hisdisccjvery in the strang- 
est way any scientific fact has ever been 
set down. He wrote it thus : aaaaaaa 
ccccc d eeeee g h-iiiiiii 1111 mm 
nnnnnnnnn 0000 pp q rr s tttti 



How Saturn's Rings revolve. The boy repre- 
sents the planet, the balls the rings, and the 
string the planet’s pull or gravitation force, 
whi& prevents the rings flying off into space 



Saturn as seen by old astronomers. A. Galileo, 
16x0; B. Scheiner, 1614; €. Riccioli, 1640; 
D. Hevelius, 1688; E. Riccioli, 1650; F. Eusta- 
chius de Divinis, 1664 

uuuuu. This was really a cryptogram 
in which lay hidden the I.*atin words : 

Anmdo cin^itur, ienni, piano, nus- 
quant cohaerente, ad eclipticam inclinato, 
whicli means, " He is surrounded hy a 
thin, flat ring nowhere touching him 
and inclined to the ecliptic." 

The ecliptic is a great circle which 


forms the apparent path of the Sun, 
but is really the path which the Earth 
in its orbit w'ould seem to follow if it 
were seen by an eye placed on the Sun. 

Many other astronomers have studied 
Saturn and his rings, and the more we 
know alx)ut this planet the more won- 
derful he seems. He revolves at the 
average distance of 886 million miles 
from the Sun. When he 
is farthest from the Sun 
he is 1,028 million miles 
away, but when he is 
nearest he is only 774 
\ million miles distant. It 

/ is clear, therefore, that his 

y orbit or path is not a 
circle, but an ellipse. 

The planet, like the 
ICarth, is flattened at the 
poles, but much more so, for while the 
diameter through his equator is 76,500 
miles, through the poles the distance is 
only 69,800. Indeed, Saturn is more 
flattened at the poles than any other 
planet, for the diameter through the 
equator is one-icnth greater than that 
through the poles. 

The surface of Saturn is 86 times that 
of the Earth, and the space he fills 800 
times as great. Bui in proportion to his 
size lie weighs much less than the l^arth. 
It is true that his mass or weight is €>5 
times that of the Earth, but if ho were 
the same size as our world he would 
weigh only one-eighth as much. In 
fact Saturn weighs about the same as a 
globe of walnut wood of the same size, 
and if he were placed in a huge bowl of 
water he would float with one quarter 
of his bulk above the surface. Indeed, 
the matter of which Saturn is made is 
the least dense of all planets. 

Saturn's Long Journey 

He turns round on his axis once in 
every ten hours, and he goes round the 
Sun in 29 J years, at the rate of 6 miles 
per second. 

Of course Saturn's distance from the 
ICarth varies enormou.sly, and as a 
result in the course of 15 years he gains 
or loses nearly 50 per cent, of his bright- 
ness as seen by us. When nearest to the 
Earth he is the same size as a sixpenny 
piece held up before us at a distance of 
210 yards. 

Saturn shines by reflecting the light 
which he receives from the Sun, but the 
light and heat which he receives is only 
one ninetieth of that which the Earth 
receives. He has not cooled down as 
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much as the Karth and is probably 
exceedingly hot. We see Ixjlts around 
him, and these are believed to be due 
to clouds on his surface. What we see 
is not the real surface oi Saturn, but 
liis cloud -laden atmosphere. 

Saturn has nine moons, and some 
astroniimcrs think there is a tenth. 
Many of these have been discovered in 
lilt* pn'sent century. The one farthest 
away Iroin Saturn is called IMioelxj, 
and it is alK)iit 8,000,000 miles from 
him. Aiiollier moon, lapetus, is at a 
distance ot 2,1*^3,000 miles. The largest 
moon is Titan, 2,720 miles in diameter, 
or a little bigger than C)iir moon, and 
It t lules round Saturn at a distance ol 
77(^<n>o miles. 

The Marvel of the Rings 

Jliit the groat wonder of this planet 
is, of conr.se its rings. It was at first 
tlunight that 1he.se were made ot solid 
matter, but some scientists lielievinl 
they might be liciuitl. Students of 
mathematics, however, worked out 
sums which showed that they could 
not be continuously either solid or 
lifpiid, for tlie enormous strain upon 
tlu'in as they whiili*d round the planet 
would tear them to piec.es. 

It is now agreed that they aie made 
up ci! millions of liny moons, “ pocket 
moons ” or " rnoonlets," as somceme has 
called them. Apart from the calculations 
tif the students of mathematics, we 


finally a semi-transparent ring 11.000 
miles wide, with a clear space of from 
7,000 to 8,000 miles between the inner 
edge of the ring and the planet itself. 

Speaking of these rings, Sir James 
Jeans says; “ We find one-way traffic, 
with the slower traffic keeping to the 
outside.*’ 



Saturn's rings as they would be seen by 
anyone standing on his equator 


During a Saturnian year, that is in 
29^ of our years, the rings are twice 
turned edgewise and twice opened out 
to their widest extent as seen from the 
Earth. When quite edgewise they 
almost disappear from view, and astro- 
nomers in early days who saw them like 
this thought the planet had a bar 
thrust through from side to side. 

How were the rings formed ? Well, it 
is generally believed tlial they once 
formed part of a large moon, and that 
this, getting too near to Saturn, was 
torn to pieces, and the fragments then 
circled round the planet just as the 
Sun's planets circle round him. Sir 
James Jeans thinks that one day out 
own moon will be drawn so close to thcr 
Karth that it will meet the same fate, 
when the Earth will no longer have a 
moon, but will be surrouncit*d by ring'i 
like Saturn. Tliat c;vent, however, lies 
a long way off in the future. 

The Earth without a Moon 

When it happens, if it ever does, the 
effect will he very .strange. The h'artb 
will no Icniger have a Moc»n, but the 
nights will b<^ lighter than tliey are now, 
for the rings will reflect a great deal more 
of the Sun‘s light than the present Moon 
does, and there will be moonlight all 
night long, for the rings will surn^unci 
the Earth in all ptirls. At present, 
of course, the Moon is scunctimes on tlu' 
daylight side of the Earth, so that the 



Saturn and his rings as they appear from the Earth at different periods of his revolution round the Sun 


know this must be so, because 
that wonderful instrument the 
spt!Cti oscope, of which we read 
in another part of this book, has 
show'ir that the outside of the 
lings moves more slowly than 
The inside. Of course that could 
not be it the rings w’cre a con- 
tinuous sheet. 

1 1 is a marvellous idea, to 
think of this giant world with a 
billion or nioic tiny moons 
circling round so close together 
that they IcMik like rings. 
Saturn’s rings are certainly, as 
the great Cambridge scientist 
Clerk Maxwell .said, the most 
remarkable bodies in tne 
bc-a veils. 

There are three of these thin, 
Hat rings, an outer bright one 
12,000 miles wide, then a space 
known as Cassini's Division, after 
itsdiscx)vercr, which is 1 ,800 miles 
Viidc. then another ring, tlie 
broadest and brightest of the 
set, 17,000 miles wide, and 



Saturn and his rings with the shadow cast by the planet 
as they would appear looking down from above 


night side gets no reflected light 
from it. 

Clerk Maxwell used to describe 
the rings of Scat urn as a shower 
of brickbats, among which there 
would inevitably be continual 
collisions. The result would be 
that the rings — w'ould spread 
farther inwards and outwards. 
In the course of lime the oul> 
w'ard spreading would carry 
some of the moonlets so far that 
they would slowly come together 
and form one moon. Those that 
spread inwards would at last 
reach the atmosphere of the 
planet, become white hot, and 
disappear, just as meteorites do 
when they come into the Earth's 
atmosphere. 

As a matter of fact, it is 
generally believed that the rings 
have changed in width since 
they were first seen and studied. 
But we cannot be quite certain 
of this till the rings have been 
studied very much longer. 
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A CAPTAIN FINDS HIS WAY BY THE SUN 



A captain finds his position at sea by means of a sextant, shown here. He measures the altitude, or height, of the Sun or a star above 
the horizon, and then noting Greenwich mean time, from his chronometer, checked by wireless signal, makes certain calculations, and 
discovers his latitude and longitude. This is how he takes the altitude. He looks through the telescope at the horizon, so that a line 
from his eye to the horizon just touches the top of the mirror on the horizon glass. He then moves the arm of the sextant till the 
mirror at the top is in such a position that the image of the Sun in it is reflected upon the line on the horizon glass. The captain next 
reads the scale through the magnifier, gets the angle between the two mirrors and multiplies it by two, which gives him the altitude of 
the Sun. Next to the compass, the sextant is the most important instrument a ship carries 
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MARVELS THE EYE OF THE CAMERA SEES 


T O get a true knowledge of the heavens 
and the myriads of stars that have 
been recorded there, we need 
something more than the big telescope. 
Without that, of course, we could never see 
the millions of stars that exist. Hut even 
with a big telescope the human eye cannot 
discern more than a certain number of 
stars. It is tlie partnership of the telescope 
and the modern camera with its very 
sensitive plates that gives us the wonderful 
knowledge of the distant heavens th.'it we 
have. 

Hy increasing the time of exposure, 
smaller and smaller stars arc continually 
being rc!Corded on the phtitographic plates, 
and indeed with a really big telescope and 


an up-to-date camera there would appear 
to be no limit to the faintness of the stars 
that can be photographed provided 
increasingly sensitive plates can be pro- 
duced. Both the telescopes and the 
cameras are becoming more and more 
ofTicieut. Already there is a lOO-inch 
reflector telescope at Mount Wilson 
Observatory in America, and many of the 
fine star photographs taken by means of 
that telescope appear in this lx)ok. 

But that telescope will soon be out- 
chisscd, for already a aoo-inch telescope is 
being made. AU over the world iistronoiners 
arc busily engaged in photographing the 
whole of the heavens, and in a few years 
there will be a complete chart of all the 


stars down to the lourteenth magnitude, 
accurate as to position and brightness. 

The })enetrating keenness of the camera's 
sight, far exceeding that of any human eye, 
can be understoocl from the four photo- 
graphs on this page, which are published 
by courtesy of the Mount Wilson Observa- 
tory in California. They were taken with 
the bo-inch reflector telescope. Each 
extended exposure brings in stars of one 
more magnitude than the previous ex- 
posure. 

As the Earth turns round on its axis, 
the heavens api^car to be moving round, 
and therefore exceedingly accurate an(i 
complicated clockwork has to be linked 
with the telescope to move it round. 
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THE CAT AND ITS NINE LIVES 

The cat has been the friend of man for thousands of years. It was probably first tamed in Africa, and the 
Ancient Ef^yptians used its services as we do those of a sporting dog, to retrieve birds caught in the chase. 
Probably the Egyptian cats had less dislike of water than have our modern cats, for the fact that cats nowadays 
do not often care to wet their feet is due to the comfortable and easy lives they live. Domesticated ducks 
sometimes show a distaste for getting wet. Many interesting facts about the cat are given here. 


W ILD cats, looking remarkably like 
the pets of our hearthrugs, are 
still found in the remoter parts 
of Scotland, but strange to say our 
domestic cats arc not descended from 
the European wild cat but from the 
wild cat of Africa, an animal widely 
s])read over that continent. Of course, 

1 lie re has probably been some crossing 
of the two species, but scientists are 
now agreed that our domestic cat is a 
descendant of the African cat. 

At a very early i)erio(l in history, the 
I Egyptians tamed the wild cat, and we 
know from an oUl Egyptian wall paint- 
ing, now in the British Museum, that 
tliey used the cat as we do the dog 
when t hey went bird-hunting. The pic- 
tiire shows the cat with the family of its 
owner among the reed-beds of tlui Nil(‘, 
r(‘trieving birds that have been brought 
down by arrows or throwing sticks. 
The cat is seen witli one bird in its 
mouth, another held by its fore paw.s, 
and a third between its hind paws. 

The Cat Defends the Corn 

M'hen Egypt was the granary of the 
aiuient world, the cal was, of course, a 
very important animal to the inhabi- 
tants ol that land, for it was essential 
to keep down the numbers of rats and 
mice that proved snch p^sts in devour- 
ing tlu* corn, and the cat has always 
been the best friend of man in this 
work. 

It is ])erhaps not surprising that the 
animal came to be greatly honoured 
and revered in ancient ICgypt, till at 
last it was regarded as a sacred beast ; 
and among tlie tombs of Egypt many 
nic.mmies of cats that had been care- 
fully embalmed before burial have been 
found. 

The cat still gwjs on with its work of 
catching mice, and it has thus remained 
one of the greatest friends of man. 
There are few houses, indeed, in Great 
Britain where a cat is not kept. 

The cat is a very interesting animal. 
It varies from that other domestic pet. 
the dog, in many ways. Its teeth are 
inuch more pointed than the dog's and 
its claws are far sharper than a dog’s 
claws. These can, however, be drawn 
back when not w^anted, and the cat’s 
foot then becomes a beautifully soft 
pad on which it walks with ease and 
silence, A dog cannot draw back its 
claws. Of course, in the case of the 
cat the claws are its chief weapon, 
whereas in the dog the really formidable 
weapons are tlie teeth. 
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There is a great difference, too, be- 
tAveen the eyes of the cat and tliose of 
the dog. Both have large pupils when 
the light is dull, the piij)il, of course, 
being the dark part in the centre of the 
eye, but when there is a strong light 
the clog’s ])upil ccmtracts to a small 
disc, while the cat's changes to a narrow 
slit. Indeed, when the light is very 
bright the? pupil is nothing more than 
a thin, vertical line. It is a w’onderftil 
case of adajnability, and the same thing 
is found in our own eyes, though not to 
an ecjual extent. 

1'he pupil is really the opening in the 
iris which admits the light to the retina 
or curtain at the back. As in the case 
of the photographic camera, if the 
light is very weak the opening must be 
enlarged to admit as much of the light 
as possible, otherwise no image would 
be thrown on the n‘tina. Tlie pupil, 
therefore, acts like the various slops 
of the camera, but, unlike the? camcTa, it 
clocks not have* to be worked from out- 
side, its operali*)!! is purely automatic. 

Sharp Eyes and Ears 

It is very interesting to watch the 
changes in the pupil of the cat’s eye as 
the light varies. Of course, the old say- 
ing that a cat can see in the dark is 
nonsense. No animal can sec in absolute 
darkness, for the simple reason that 
seeing is the result of light, and when 
there is no light at all, which is very 
rarely the case, no animal can .see. 

J-iiit a cat probably sees better than 
we do in a bad light, becau.se its pupil 
opens wider so as to let in every bit 
of light there may be. however faint. 
The cat’s pupil will also expand under 
the influence of excitement, opening 
widely if. for examjile, we put a mouse- 
traj) containing a mouse on the fltwr 
before it . The pupils also expand under 
the influence of fear ; as when a dog 
goes up to a cat and barks at it. 

The hearing of the cat is perhaps 
more acute than its sight. Even when 
a brick wall intervenes between two 
gardens, a cat in one* garden can hear 
the gentle footfall of a mate walking 
in the other garden, a sound which no 
human ear could possibly detect. 

'J"hc cat’s sense of smell, however, is 
much less than the dog’s. A naturalist, 
Mr. Arthur Nicols, carried out an inter- 
esting experiment which proved this. 

" I have long had reason to think,” 
he says, *' that the sense of smell in 
cats is much less highly developed than 
in dogs and even among other animals, 



A cat is a very sure-footed animal and can easily walk the tight-rope 


bfraiise anioiif' olhiT things we see 
th(‘ dilliciilty cals oltrn seem to experi- 
enr«? in finding food tlirown down to 
them unless they see it fall, bobbing 
th(‘ir noses about on the floor in si-arch 
of il, even when it is no distance from 
tlu'in. 

When Dog Beats Cat 

“ A few days ago, therefore, I pre- 
pared some do/en or so of dainty pieces 
of meat, both raw and cooked, fiiul 
st>me ]nt‘Ct»s of lri<‘d rod and herring, 
and taking my dog into a room from 
which every ray of light had be<*n 
excluded, threw pi<*ces of the meat into 
dilferent parts of the room. As might 
h:i\e been expected, each ])iect» t\as 
found by him almost as soon as the 
first could be eaten. 

“ 'Phe house cat was afterwards 
tried in the same room and had great 
difticulty iti finding pieces dropped 
clo>o to her, failing altogether in 


securing some of them. What the dog 
accomplished in the space of a moment, 
the cat could not rlo in a quarter of 
an hour, for on letting light into the 
room I found pieces of the fish lying 
about in the farther corners. 

“ Tliere was no comparison between 
the one and the other in the manner 
of searching for the food, 'f'hc dog 
went to work with confidonce and after 
a few seconds employed in siiilling 
round, could be heard eating until 
every piece of meat had In'cn found. 
'Phe cat, on the contrar}', walked about 
mewing, and seemed to have no idea 
of the presence of the fish until she 
was close to it. 

“ The cat was quite familiar to me, 
and had been kept cpiite a long time 
\yithout food intentionally. 1 used 
Pish because it was a fwxi to which 
she was accustomed and calculated to 
emit sufficient smell. The result im- 
pressed me with the conviction that 


cats discover food by smell with very 
indifferent success, whence perhaps 
it may be inferred that their per- 
ceptions generally through this stmsc 
are more feeble than those of some 
animals.*’ 

Later experiments with other cats 
and dogs gave the same result. 

The Warning Whiskers 

In addition to its eyes, ears, and 
nose, the cat has still another means of 
finding its way and avoiding dilliculties 
when pursuing prey or travelling in 
the dark. Phe front part of its facc^ 
is provided with long, sensitive whisker.'^ 
and w’heri it is creeping along these 
touch any obstacles there may be, 
and warn the cat to be careful.* 'Phey 
also enable the cal when pursuing 
prey, such as a bird or mouse in tht? 
garden, to keep its eyes on the victim 
and go forward without watching the 
path. The sensitive whiskers enable 


■ ;■■ ■■<, .. . . 
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The cat’t pupite closed to • slit in a bright light The cat’s pupils opened wide in a dim Ught 
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THE MARVELLOUS TONGUE OF THE CAT 



mggniflaa thirt lick* ittelf, •• it lo often doe*, the ton^ act* u o comb end 

lofter lledi. These ifft ^ dl • - . . a. more uMful miroose e¥en tiian this. The cat’s teeth are 


e oOK s, ano w tnereto« wp« fhAn a dor. Its tonaue is a wonderful and imoorta] 


y twiit to 11 directoi. ^The tip^ be form^ *«*» • 

!!!i to 1$ It1«)*ct*«*ktod1 hm1totoemouth.ditectuigtlieinaToment.ofthefood 
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it 1o avoid obstacles on the way, for 
they are provided with special nerves 
and act as delicate organs of perce]>tiun. 

If wo touch a cat’s tongue we find 
that it is very rough, and seen through 
the microscope it has a most extra- 
ordinary appearance, showing many 
small points directed backwards. These 
help the cat to lick tlie flesh from 
bones, and also serve as a comb when 
the cat is at its toilet, ('ats are very 
]>articular about cleanliness, and are 
always washing and combing their fur 
with their tongues. 

Another interesting thing about the 
cat is that it is very sure-looted, and 
is rarely hurt by a fall. 

We have pr<>bably been astonished 
1o see a cat fall from a great lieight 
and alight on its feet w’ithout any 
apparent injury or inconvenience. Wo 


can understand then that a cat is 
reputed to have nine lives. 

Why is it that a cat can fall from 
such a great height without hurting 
itself ? If we see a cat fall from an 
upper window, or some similar situa- 
tion, we shall notice that even when it 
begins with its back towards the ground 
or head downwards it invariably rights 
itself during its journey through the air, 
so that tlie fc^ct are in the proper position 
for alighting when it reaches the ground. 

We know exactly how this manoeuvre 
is performed from slow-motion Aims, 
which have been taken of falling cats 
starting from different positions. The 
brain of the animal w’hen it begins to 
fall realises instantly that its position 
is incorret't, and messages are at once 
flashed to the limbs and otlicr parts 
cjf the body to right thcm.sclves so that 


the head may be in the correct place 
relative to the rest of the body and to 
the pull of gravity. 

The cat has learnt this method of 
self-preservation in the course of ages„ 
becau.se it has needed it. It walks in 
perilous places and is liable to dangerous 
falls, so that if its body did not auto- 
matically adjust itself in coming down 
so many cats would ha\'e been killed 
that the race might have been in 
danger of becoming extinct. 

Human beings have not acquired 
this faculty to the same extent because 
they have not needed it in the same 
way. The average human being rarely 
walks in a position where a fall would 
be serious. If, however, he does fall 
from a heiglit as proportionate for his 
size as the fall of a cat for its size, he is 
usually killed or seriously injured. 


POP-GUNS AND CATAPULTS AMONG THE PLANTS 

I F plant species are to be .savt'd from that would choke, one another. In seed or spore to a considerable distance* 
extinction they imisl find some .self-defence, therefore, plants must In certain ca.scs the fruit producing 
w'ay of di.stribiiliiig their seeds, so cli.stribute the seeds. the seed becomes a kind of popgun, 

that the race may be carried on in Oiflereiit plants have developed tissues under great tension Wing 
suitable soil where new plants can difleront ways of dispersing their seeds. suddenly released and firing the seed 
grow and thrive and in their turn pro- Some allow the wind to carry them to from a hole or opening as in tlie case of 
duce .seed. a distance from their parent plant, as the squirting cucumber. In other cast?s 

It is quite clear that il all the seeds we see on page lo, otWrs are carried part of the fruit under tension being 
produced tiy a plant were simply to fall by w^atcr, and others by animals and released curls up .siuldeiily and acts as 
<lown round the ])arent plant the ground birds: while others have evolved a a sling, hurling the seed to a consider 
would be cumbered with little seedlings mechanism for firing or catapulting the able distance, w'here it can germinate 



LIFE ON THE EARTH 30 MILLION YEARS AGO 



This picture shows Ufe in the Silurian period, which began a^ut 18,000,000 years ap, wd 1 m^ for some yean. We 

•till nuwtly in the water, although on land the club-niosses and pleoto like ferns were tei^oped. ^Peng^ not unhke those which we Inre 
to-dav beaan to amiear reef-buildine corals. The sea Ithes became larger and ftner, and starfishes became more complex. Sea- 
Uwm amearL ^wioi» shell fo^ multiplied. Creatures erfth spiral shells of t^ fomi fitrt an>ear^ in thU age, wd teiloWtes 
became more widely distributed. Early forms of king-crab and sea-scorpion were found, and there were fishes of the shark form 
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We must eat to livei and if we are to grow we must take in plenty of protein, which gives us nitrogen and builds up our tissues, and plenty 
of carbohydrates and fats, which act as fuel and give us energy. These we get chiefly from aninud foods and cereals, but we must also 
eat fruit and vegetables. These are not very nourishing, but they give us a certain amount of mineral matter which helps to build up our 
bones, and they also contain very important substances that have only been discovered in recent years and are known as vitamins. 
These are absolutely essential to good health. Fruits and vegetables are made up largely of water, and the proportions of the different 
substances are shown in these pictures. Cellulose is of no use for nutrition, but it assists digestion, and so foods rich in cellulose are 
useful. The fruits and vegetables shown are, reading from the top, turnip, potato, carrot, cabbage, walnut, cucumber, strawberry, runner 
bean, onion, apple, banana, celery. As can be seen, nuts are different from all the other foods given in that they contain a ^Very large 
proportion of protein. That is why a good vegetarian diet consists largely of nuts. The starch of the potato it a useful fuel for the bo^ 
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Marvels oF Machinery 



THE GREATEST OF ALL MACHINES 

The modem world may almost be described as the product of the steam engine. It is this wonderful inven** 
tion that has enabled man to travel rapidly in all directions on land and sea. and to produce goods of all kinds 
in large quantities, adding to his comfort and convenience. For centuries man played with the idea of steam as a 
motive power, but only at the end of the eighteenth century was the idea made practical, though two 
thousand years before a Greek had made a very simple form of steam engine that actually worked. 


I T is no exaggeration to call the steam 
engine the greatest of all machines, 
for there ran be little doubt that 
of all the inv(?ntions and discoveries 
made by man that of the steam engine 
luis had the iru>st stupendous and dra- 
ma Vic e ffect in changing human life and 
inkling to man’s comfort and conve- 
nience. 

Think of wluii life was like before 
this great aid to man’s labour had 
tome into existence. Things moved 
very slowly. Work was mostly done 
by hand, and great factories could not 
exist, for there was no power to drive 
m<i(Tiim*ry even if it had been invented. 
Transport was slow and difficult ; tlie 
liorse was the Cheltenham Flier of the 
(lav, and a jonrnc'v 
from tidinbiirgh to 
l.<»ndon ItHik a week, 
or (*ven more in bad 
weather. A voyage 
to America niight 
oc cupy a couple of 
iiioiiths, and to 
Australia five or 
SIX months. 

Tlu'ii almost with 
dramatic suddem- 
lU'ss came the steam 
engine as a practical 
source of power. 

A I in o s t at once 
everything changed. 

Machinery was in- 
vented rajiidly for 
s]nnning and weav- 
ing and ' doing all 
sorts of other 
operations that had 
previously been 
achieved only with 
slow manual labour. 

The new giant was 
harnessed to the 
uses of transport, 
a n d locomotives 
rushed across a net- 
work of rails that 
soon covered the 
country in all direc- 
tions. Steamships made journeys across 
the seas in times that would havi? 
seemed fantastic a few years Iwfore. 

Within a short time the steam engine, 
“ the king of machines'* as it has been 
called, had conquered every civilised 
country, and most uncivilised lands, l(XJ. 
If we speak of the old times as being 
divided into the Stone Age, the Bronze 
Age, and the Iron Age, we may cer- 
tainly speak of the nineteenth century 
as being the Age of the Steam Engine. 


This device dominated industrial and 
social life, and made possible all sorts 
of amcnitie.s that were* iiiulreained of 
b(*f(jre. People could visit their friends 
many hundreds of miles away wuth 
ease' and comfort and speed ; they 
could live in the country and go to 
the town every day to work, while 
• oods could be produced in unheard of 
<iuantitics and transported cheaply 
and rapidly to all parts of the w^jrld and 
sold at a price which would have seemed 
impossible a few years earlier. 

All this remarkable transformation 
w as brought about by the steam engine. 
Of course, when James Watt made his 
first steam engine he did not invent 
the devices in the strict sense. He iin- 


roved what other men had begun, 
ut it almost amounted to an in- 
vention, for he made the use of steam 
as a source of cheap power a practical 
proposition. 

Before his time steam had been used, 
but only as an auxiliary i for the steam 
engines of pre-Watt days were slow, 
clumsy, and inefficient, and worked 
partly by steam and partly by air 
pressure and gravitation. Watt was 
the genius who changed all this. 


Tw'o thousand years ago Hero, a 
malheinatician of Alexandria, had the 
idea that steam could tw madt* to do 
things. He constructed a globe, we 
are told, fitted it with outlet pipes, 
eroc'ted it in a frame, and then filling- 
the globe with water, boiled this over 
a furnace. When steam rushed out of 
the vents, its pressure against the air 
rotated the globe. 

For centuries man phayed with the 
idea, and in the seventeenth cen- 
tury another tnal hemal ieian, Giovanni 
l^raiica, an Italian, actually made a 
steam engine that did real w'ork. It 
was a queer contrivance. The boiler 
w’as in the shape of a man’s head juul 
steam spouted from a pipe between his 
lips. As it came 
out it struck upon 
the vanes ot a 
horizontal wheel 
which it rotated, 
and by an arrange- 
ment of cogs the 
wheel was made to 
work a stamp iniT 
for grinding drug-.. 
Both these aiu'ient 
engines were really 
of the t u r b i n e 
type, that is, the 
energy of the 
steam at once 
produced rotary 
motion. The word 
turbine is from a 
1/alin word mean- 
ing a whipping-top 
or r(*,el. 

When, in the 
eighteenth cen- 
tury, W’att and 
others made en- 
gines that were 
the forerunners of 
our modem steam 
engines, tliese were 
not of the turbini* 
type, but what are 
known as recipro- 
cating engines, or 
to and fro engines, because the motion 
produced by the steam is first to and 
for, and is afterwards changed into 
rotary motion. 

The lieat of the furnace turns water 
into steam, and this is conducted to 
each side of a piston or plate fitting 
closely in a cylinder. The steam 
drives the piston to and fro, and then, 
by means of a rod attached to it, which 
is connected with a crank, turns a fly- 
wheel and shaft and works machinery 



On the left we see the earliest idea of a steam engine, desimed by Hero of Alexandria 
about 2,000 years ago. Steam from a boiler entered a ball, and as it escaped through 
two bent pipes it drove the ball round. On the right we see the first modem idea of 
a steam engine, designed by Giovanni Branca, a seventeenth-century Italian mathe- 
matician. Steam from a queerly-shaped boiler blew upon the vanes of a wheel, rotating 
it and working the stampers of a mill for pounding drugs 
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MARVELS or MACHINERY 


of some kind or rotates llie driv^inff 
wheels of a IfKomotive and sends it 
aloii;*: the rails. The pictures below 
show' clearly how the reciprocating 
steam enj^ine works. 

A stt'ajn engine is really a heat 
engine, that is, it i.s a machine by 
means of which heat is Iraii.sformed into 
w'ork. ft depends for its operation 
npon the fact that water, when it is 


turned into steam, expands, and this 
l?ivcs the jxwer to push the piston to 
and fro. Sometimes after the steam 
has doiui its work in the cylinder it 
«‘scapes through an exhaust pipe, as in 
the locomotive. There is now an end- 
less v'ariety of steam engines, .some of 
them very "complicated, but tlie princi- 
le is the same in all the different 
inds of reciprocating engines. 


From time to time wo hear about 
steam being superseded, but there is 
no sign of this at present. Even where 
electricity is ii.sed the steam engine is 
generally needed to work the generator, 
and although wc hear much of electri- 
fying our railways, the splendid records 
set up by the steam engines like the 
Cheltenham Flier showrtliat the steam 
engine is still able to hold its own. 



Rt»nm from boiler 



These pictures show in simple form the principle on which the steam engine works. In a boiler, water is turned into steam and conveyed 
by a pipe to the engine. It enters what is known as the steam chest, and passes through an opening into a cylinder, in which a closely- 
fitting piston moves to and fro. The force of the steam drives the piston forward as in the upper picture. Connected with it is a rod 
whose other end is linked with a crank that turns a flywheel, revolves a shaft, and works a machine. As the piston moves forward it 
works a .slide-valve which opens the other end of the cylinder, allowing steam to enter there as in the bottom picture. This presses on 
the other side of the piston and drives it back, and as it retifl-ns the piston sends the used steam, on the rod side, out through an exhau.st 
pipe. Meanwhile, the valve has been reversed and steam again enters as in the upper picture, driving the piston forward once more. As 
it goes ft drives out the exhaust steam on its front side. Thus to and fro the steam drives the piston, working the crank and machinery 


HOW THE MORTAR WHICH THE BUILDER USES IS MADE 



The first step in making mortar is to burn limestone in a kiln, as in the first picture. Carbon dioxide gas is driven off and quicklime is 
left. Quicklime, mixed with water, as in the second picture, becomes a hot paste known as slaked lime. This, when mixed with sand, 
as in the third picture, forms mortar, and that enables Uie builder to stick his bricks together as he builds a wall 
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WHAT A MODERN BOILER IS LIKE INSIDE 



The earliest boilers were very simple afiairs, merely yessels of water with a fire underneath to boil the water and turn it into steam, 
as we do in a kettle. Nowadays a big modern boiler is a complicated machine, so constructed as to get the utmost efficiency from 
the amount of fuel burned. For a hundred years or more inventors have been improving the boUer so as to increase its heating surface. 
In the ordinary Cornish boiler the fire and hot gases pass through a single chamber and heat the water which is all round, but an 
improvement «>ti this is the fire-tube boiler, in which small tubes carry the heat through the water. Here there is a much greater heating 
surface, for four tubes of 4 diameter, though occupying the same space as one tube 8 inches in diameter, have twice the outside 

surface. But the m ost type of boiler for raising large quantities of steam quickly is the water-tube boiler. Here the water 

circulates in tubes and the hot gases of the furnace pass all round. Water rises when heated, and so the tubes are put at a slant 
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THE WHOLE STORY OF BROADCASTING 


'Jp'l. -iifi ///' 1- / 
' fS, f Y ^ 


\M\M 


'1 


Sound waves tn air vibrate diaphragm to make 
corresponding pattern of electric waves in wire. 



Microphone 


L Tsupfjfy f Microphone) Transformer 


TRANSMITTING 

STATION 

Pattern of electric waves 
in wires makes 
corresponding pattern of 
radio waves through space 









When a sound is made it sets up vibrations in the air, and in a radio broadcasting studio these vibrations strike the diaphragm of the 
microphone. The vibrations press the diaphragm against loose granules of carbon through which an electric current is flowing. The 
movement of the diaphragm cai^s the carbon granules to become loose or lightly packed according to the strength of the vibrations, 

and this maJr«« tna rurri^nf flnunno- .... a. A. x* ^ 
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FROM THE B.B.C. STUDIO TO YOUR HOME 



the cathode to the anode. As the electro-magnetic waves strike the grid, the flow of electrons between cathode and anode fluctuates 
in sympathy. This induces similar fluctuations in a high-voltage current which is amplifled and passes along landlines to the trans- 
mitSig sUtion, where it is broadcast into the ether on a carrier wave. The carrier wave with microphone current is picked up by 
the aerial of the receiving set and carried down into a coil of wire and a capacitor. By manipulating these the current in the set is 


given the same fluctuations as the current received from the microphone and amplified to operate the electro-magnet of a loud speaker. 
The fluctuations of the electro-magnet vibrate a diaphragm, so reproducing the fluctuations in the form of sound 
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CLEANING A STONE BUILDING WITH STEAM 



As we go about London and other large cities we often see men cleaning the front of a building with an apparatus that makes a hissing 
sound. The apparatus is known as a steam brush, and these pictures show how it works. First of all, a boiler or steam generator 
is erected on top of the building. From this generator flexible steam pipes pass to the men at work, and at the end of each pipe is a 
specially designed nozzle with a handle. From this comes a jet of steam at low pressure, and as this begins to condense as soon as it 
is in the air, a constant spray of very hot water is applied to the surface of the building. The moisture and impact of the steam sqften 
and loosen the dirt, and the moistened grime is driven off b^ the force of the steam. A travelling cra^e is suspended from the top of 
the building, and this can be raised or lowered or moved horizontally as required. There are ball-bearings in front of the nozzle, which 
enable it to be rolled about easily over the walls without damaging them. The supply of steam is regulated by a valve-cock 


HOW THE BALLCOCK OF THE CISTERN WORKS 


T hm t.'inks anri cistcrn.s in our hoitscs 
wlncli contain tlu* supply of water 
lor household rcauiremcnls or for 
the flushing of a drain hjive their supply 
i)f water iiuionuitically regulated. 

Wiien th<‘ tank or ci.slern is empty or 



The cistern ready for use 


the supply is low, water rushes in till it is 
filled to its proper level, and then the entry 
pipe is closed so that no more water can 
go in. Thi.s is done by means of a very 
simple vet clever device known as the ball- 
cock, and the pictures on this page show 
how it works. 

When the cistern hap" ^ full supply a 
large hollow metal ball 'aiEmdhecl to a rod 
floats on top, a nd the rod is horizontal . The 
other end of the rod is pivoted and has a 
valve fastened to it. This, when the rod 
is horizontal, closes the inlet pipe from the 
water supply, and no more water can enter. 

When the water is drawn off from the 
cistern, the ball, which floats on the surface, 
falls by its own weight as the water goes 
down, and naturally the rod attached to 
the ball is now at an angle. As the rod 
descends with the ball, it carries the plug 
of the valve with it, and so the water pipe 
is ofH'iicd and the water can flow in. 


When it docs so, of course, the level in 
the tank ri.Hes slowly, and with the water 
the ball rises also gradually closing the 
entry by means of the valve, as shown 
in these pictures, until at last the water 
supply is once more cut off 
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Water running into the dztem 




Romance oF British History 


A DRAMATIC SCENE AT CANTERBURY 

When the news became known that Thomas Becket, Primate of England, had been slain in Canterbury 
Cathedral, the whole of Europe was shocked, for to kill a great Church dignitary was, in those days, regarded 
as a far more heinous crime than to slay a layman, however exalted. Henry II of England was a strong and 
powerful king, and though he declared that some idle words of his which led to the tragedy were never 
intended seriously, he had to acknowledge his fault publicly, and allow the monks to whip him at Becket's 
tomb. Here the whole dramatic story is told from the old records 


M any London achooUx>ys have 
risen to high rank and had 
strangely romantic careers, but 
certainly of none is a more remarkable 
story told than of Thomas Hecket. 
Tie first saw the light in Cheapside. and 
after going to school in Surrey and in 
London was sent off to Paris. He was 
a keen and clever boy and loved to 
hoar about the events of the day. 
'fhere is little doubt that in the 
nursery he must have heard of the 
sinking of the While Ship in the 
Kiiglish Channel and the loss of King 
Henry the First's children. 

Everything was going well with 
'fhomas when, owing to a number of 
fires in the City of London, his 
rich father lost his money and 
the boy had to return home 
iiv\{\ begin to earn his own 
living. He became a cltyk in 
a lawyer’s office, but the work 
must have been very irksome 
to young 'riiomas, who loved 
knightly pursuits. 

A Rise to Fortune 

After three years, influential 
friends of his father introduced 
tlic young man to the Arch- 
bishop of Canterbury, and that 
prelate was so pleased with 
Thomas that he sent him off to 
Ikilogna in Italy, to .study law, 
and then employed him on 
many confidential missions. 

Those were difficult times 
in which to live. Kings and 
princes plotted against one another, 
hut Thomas made himself useful 
and had a goo<l deal to do with 
enabling Henry of Anjou to mount the 
iLnglish throne as Henry the Second. 
Thomas was ordained a deacon, but did 
not become a priest. Nevertheless, 
many rich church livings were heaped 
upon him. He became rector of several 
parishes, and was made Archdecacon of 
Canterbury. He also became Chancellor 
of England. 

Thomas, however, did not behave 
very much like a clergyman. He wore 
very magnificent dress, and went aliout 
with a retinue of knights as splendid as 
that of the King himself. He spent 
tmormous sums of money, though we 
do not know where the money came 
from. His power was as great as his 
i^mp, for the King often went to the 
Omtinent. and then Thomas governed 
the whole realm of England. 


'Phere had l>eon great disputes 
between the King and the Church, the 
King wanting to control the Church 
and the Church wanting to be inde- 
pendent. Naturally Henry thought 
that his great friend Thomas Becket 
would help him in his plans, but when 
Thomas was appointed Archbishop of 
CantcrV)ury an amazing change took 

{ )lace in his life and character. No 
ongcr was he the magnificent courtier 
liN'ing amid a pomp that rivalled the 
King’s. He suddenly became the 
strictest of ascctii:s, and took up the 
cause of the Church against tlic King. 

He wore the dress of a monk, and 
fed and washed the feet of beggars 



Thomas Becket indignantly declines to acknowledge the 
authority of King Henry’s judges 


daily. He gave away much in charity, 
and did strange things which in those 
days were regarded as signs of holiness. 
For instance, he wore a hair shirt next 
to his .skin, and deliberately allowed 
himself to be bitten constantly by 
vermin as part of his discipline. 

Backat Flees to the Continent 

His qtiarrel with King Henry the 
Second brame the talk of Europe, and 
so bitter was the struggle that Becket 
repudiated the King's authority as a 
judge and fled to the Continent, where 
he remained for several years in an 
ablwy. From there he wrote angry and 
threatening letters to those who sided 
with the King, but at last a peace was 
patched up and Becket returned to 
Canterbury, where the people who 
benefited by his charities received him 
joyfully. 

Then fresh quarrels broke out be- 


tween 'riiomas and the King, and this 
led to one of the most notable tragedies 
in English history. Becket started 
excommunicating those 'who did not 
agree with him, that is, he cut them off 
from the l)enefits of the Church, which 
in those days were regarded as vital to 
happiness. He was anytliing but a 
tactful man, and everything he di(i 
irritated the King, till at last one day 
Henry, who was in Normandy, burst 
out before his courtiers in a fierce tirade 
against Becket. 

" What ! “ cried Henry. “ A fellow 
that has eaten my bread lifts up his 
heel against me. A fellow that I 
loaded with benefits dares insult the 
King and the whole royal family 
and tramples on the whole king- 
dom. A fellow that came to 
Court on a lame horse with ft 
cloak for a saddle sits on the 
throne itself and no man inter- 
feres. What sluggard wretches ! 
What cowards have 1 brought 
up in my Court, who care 
nothing for their duly to 
their master ! W^ill no one 
deliver me from this low-born 
priest ^ ” 

A Terrible Decision 

Among those who heard these 
words were four knights of high 
birth. Sir Reginald Fitzurse 
whom Becket had originally 
introduced to court. Sir Hugh 
de Morville, Sir William de 
I'racy, a Saxon with royal blood 
in him, and Sir Richard le Brc?ton, a 
friend of the King’s brother. 

'Phese men consulted and came to a 
dark and terrible decision. They went 
to England by different routes, arrang- 
ing to meet at the castle of another 
knight. Sir Rannlf de Brex:, at Salt- 
wcx)d, thirteen miles from Canterbury. 
Exactly what was discussed there we 
do not know, but the knights heard 
that Thomas Beicket had lieen i.ssuing 
more excommunications, and this only 
confirmed them in the terrible resolu- 
tion which they had made. 

Christmas had just passed and on the 
inoniing of December 29th the knights 
rode with an escort of horsemen along 
the old Roman road to Canterbury. 

Their escort remained outside, but 
the four knights entered the court and 
going to Uie lodge took off their swords 
and left them there. Then, throwing 
gowns over their armour, they walked 
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across the court to the hall where the 
Archbishop had just iinishcd his meal. 

ll is said that Hecket had received 
many warnings that danger was brew- 
ing. and there is no doubt that he must 
have received notice of tin; arrival of 
the knights at the palace. After 
dinner the Archbishop had allowed 
iiimself to be flogged, a regular practice 
of his which h(? ])erforhied as daily 
penance. Then he went into another 
room with Ins chaplain and other 
friends. With them he sat talking till 
the iMill should ring for vespers in the 
adjoining cath<*dral. 

'riie knights asked to see the Arch- 
bishop, declaring that they had brought 
a message for him. 

They were introduced, 
but when they went 
into tile room where 
he was. however, they 
1 o ll n <\ tliat Hecket 
neither spoke nor 
looked at them, but 
went on talking. The 
knights sat down and 
waited tiiui tlien, when 
Hecket did not speak 
but merely glanced at 
tliem, F' i I z 11 r s e said 
something and ended 
with the words “ Crod 
help you.” Then he 
adcie<l, ” We bring you 
the commands of the 
King beyond the sea. 

Will you h<‘ar us in 
public or in private ? ” 

Hecket rcjiiied that he 
did not can* which, 
and Fitzurse said "In 
private, then." 

The King’s Command 

IBecket's friends went 
out, and a heated con- 
versation went on be- 
tween the knights and 
the Archbishop. High 
words could be heard 
by those outside, but 
what was said we do 
not know. I'hcn Hecket called in a 
number of the clergy and told Fitzurse 
to go on talking. 

" Listen, then, to what the King 
says." continued Sir Reginald. " When 
the peace was made he put aside all 
liis complaints against you . He allowed 
you to return as you desired, free to 
your see. You have now added con- 
tempt to your other offences. You 
have broken the treaty. Your pride 
has tempted you to defy your lord and 
master to your own .sorrow. You 
have censured the bishops by whose 
ministrations the Prince was crowned. 
You have pronounced an anathema 
against the King's ministers, by whose 
advice he is guided in the management 
of the Empire. You have made it 
plain that if you could you would take 
the Prince's crown from him. Your 
plots and contrivances to attain your 
ends are notorious to all men So, 
then, will you attend us to the King’s 
presence and there answer for yourself ?** 


Warm words followed, and then 
Intzurse said, " The King commands 
ytju to absolve the bishops whom you 
have excommunicated w'itlioui his 
permission.” After further words in 
which the .Archbishop’s friends tried 
to curb his imprudent tongue, Fitzurse, 
who appears to have been the spokes- 
man for all the knights, said, " Since 
you refuse to do any of those things 
which the King requires of you, his 
final commands are that you and 
your clergy .shall forthwith depart out 
of this realm never more to return 
You have broken the peiice, and the 
King cannot trust you again.” 

Hecket <leclared angrily that he 


would never again leave England, and 
nothing but death should part him 
from his church. 

At last, amid a scene of anger, the 
knights started to leave the room, 
saying to the Archbishop’s attendants, 
"in the King's name we command 
you to .see that this man does not 
escape.” 

Becket’s Bitter Words 

” What,” cried the Archbi.shop, ” do 
you think 1 shall flee ? Never, not for 
the King nor for any other man.” 

As they went out Hecket followed 
them to the dcxir excitedly calling after 
them When he went back into the 
room his friend John of Salisbury .said 
to him. " My lord, it i.s strange that 
you will never l>e advised. What need 
was there for you to go after these 
men and e^aspc^ate them with your 
bitter .speeches ? You would have 
done far better to have kept quiet and 
answered them mildly.” 


It wa.s now past four o'clock, and on 
this dull December day the light had 
almost gone. The knights went back 
to the palace lodge and called their men 
to arms. The gate had been closed 
and the guard was stationed outside 
with .strict orders to allow no one to 
go in or out. The four knights now 
threw off their white cloaks and 
buckled on their swords, and at tliis 
moment the vesper bell began to ring 
out from the cathedral low'(*r Mean- 
while. ill the palace a monk rushed in 
breathlessly to the Archbishop to tell 
him tliat tlie knights were arming 

Let them arm,” was his reply. 
” Wlio cares ? ” 

Tt is lielievecl that 
the knights intended tt» 
seize ilie Archbisliop 
and carry him off to one 
of the knights’ castles. 
When tliev returned 
they found the hall door 
hail been closed and 
bolted. It would have 
taken a long lime to 
break down the door, 
luit Robert de Hroc, 
w'ho knew’ his wav 
about the pala«*c, con- 
ducted the knights to a 
Staircase in the garden 
which led to an oriel 
window oiieriing on to 
an ante-room next to 
the hall. The steps were 
broken, but a ladder 
was stamling near tlie 
window, and up this 
the knights clmilied 
and smaslied their w’a> 
through the casement. 

The Vesper Bell 

The Archbishop’s at- 
Iciidants wT*re in terror 
and they Iried to [ht- 
suade liecket to jiass 
through a little pa.ssage 
into the cloister and 
thence into the cathe- 
dral. Hut Hecket had 
told the knights when tliey went away 
that they would be able to find him 
where they had left him. and for a time 
lie refused to leave the room 

At this moment ilic vesper boll 
ceased ringing, and the attendants 
reminded the Archbishop that his 
place was in the church. 

Half resisting, he allowed himself to 
be carried down the passage into the 
ciOLStcr Then he suddenly remembered 
that his cross had been left behind, and 
he refused to go on till it w^as brought to 
him. He used the interval of waiting 
to rebuke his followers for their terror. 

At last he entered the cathedral, but 
sounds which immediately arose made 
it clear that the knights liad found the 
passage and were following him through 
the cloisters. They approached the 
door of the catliedral with their swords 
drawn and axes in their left hands. 
They were followed by a number of 
men-at-arms, while before tliem they 
drove a crowd of terrified monks. 



A friend of the Archbishop tried to ward off the blows 
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The service had already liegup, and 
some of those taking part in it, when 
they saw the armed knights and their 
followers, ran away and hid in nooks 
and comers. But others went on 
with the service as best they could, 
while one or two braver men went 
forward to inc^ct the armed men. 

Hecket did not appear upset at all. 
He ordered those about him to continue 
the service. “ What is it you arc 
afraid of ? ” he asked, and when they 
said it was the termed men, he declared, 
'* 1 will go out to them." 

The Scene in the Cloisters 

The knights came rushing on, making 
a great noise, followed by a motley 
crowd partly shocked by the outrage 
and partly wanting to see what was 
going to happen. Never before or 
since have the peaceful cloisters of 
Canterbury Cathedral witnessetl such 
a scene as this. 

It was clear that the knights in- 
tended harm to the Archbishop, and 
his followers tried to persuade him to 
go and hide. He could easily have 
<lone so. but Becket was a brave and 
fearless man, and he would not consent 
to run away. Wlieti his friends went 
to '•hilt the door to keep the armed 
men out of the cathedral he ordered 
them not to do so and sai<l that he 
would not have the church turned 
into a. castle. 

It must luiNc been a weird scene 
in the cathedral on that dark December 
afternoon. The only light 
came from the candles in 
the Lady <'ha]^el. but these 
probably were sulhcicnt to 
show' the outline of the 
Archbislio]> Mimeone cried 
out, “ Where is the traitor ? 

Where is I honuis Becket?" 
but there was no answer. 

'riien l‘it?iirse shouted, 

" W'here is tlic Arch- 
bisliop ? " At this recog- 
nition of his title Hecket 
replied calmly, " I am 
here,” and went forward 
to m(?et the knights. 

" What do you want 
with me ? " he said. " 1 
am not afraid of your 
sw'ords, and 1 will not do 
what is unjust." 

The knights took no risk. 

Thc'y closed round the 
Archbishop cr^'ing, " Ab- 
solve the persons whom 
you have excommuni- 
cated." 

" 1 will not," replied Becket. 

" Then you shall die as you have 
deserved, "’cried the knights. 

It is quite pos.sible that even when 
they went into the cathedral they had 
not intended to kill the Archbishop. 
It is said that one of them touched 
him on the shoulder with the flat of 
his sword and wdiispered " Fly, or you 
are a dead man." But Becket was not 
the type of man that flees from danger. 

1 am quite ready to die," he said. 


" and may the Church through my 
blood obtain peace and liberty. I 
charge you in the name of God that 
you hurt no one here but me." 

'I'he news that something unusual 
was happening in the cathedral had 
spreail rapidly and crowds of towns- 
people now flocked in. Some of the 
knights .seem to have thought they 
intended to re.scue the Archbishop and 
the crowd was kept from mitering the 
choir. Becket w'as standing by a 
pillar and Fitzurse now seized him and 
tried to drag him off as a prisoner. 
But Becket, who had been very calm, 
now ivrenched himself free and cried 
indignantly, " Off, Reginald, touch 
me not." 

Fitzurse with the help of le Breton 
and Tracy again .seized the Arcli- 
bishop, but Becket grappled with 
Tracy and flung him to the ground. 
Then he placed his back against the 
pillar and l->egan reproaching Fit/urse, 
who owed his position to kitKlne.s.ses 
received from Becket in the past, 
'riiis .seems to have moved Fitzurse, 
who whispered to him to fly. 

A Deed That Staggered Europe 

“ 1 will not fly," said Bticket. Where- 
upon Fitzurse waved his sword over 
the Archbishop and knocked oil his 
cap. I'lien 'I'racy, who had risen from 
the ground, struck at Becket ’s head. 
A friend of the .Archbishop, the only 
one to remain with him, put out his 
arm to ward olf the blow, and as the 


sword fell it broke this man’s arm and 
he fell to the ground. The sword 
continued to descend and struck the 
Archbishop's forehead, so that blood 
trickled over his face. 

He raised his clasped hands above 
his head, and then another blow felled 
him to his knees. He placed his 
hands together and rai.«ed his arms as 
though in prayer. Then he fell over on 
his face, and at once another blow was 
struck at him which severed liis scalp. 


Iinmediately one of the knights put 
his foot on the neck of the fallen 
prelate and thrust a sword into the 
wound. That was the final act of the 
tragedy, and Becket lay dead, assassin- 
ated in the Metropolitan Cathedral of 
the Kingdom. No wonder the terrible 
deed staggered ICiiropo. It would 
have created horror to-day. but in those 
days it seenuul an even more terrible 
dee.l, for the Church and its ministers 
were the most sacred institutions that 
the world knew. 

The King Does Penance 

The assassins ran out of the cathe- 
dral through the cloisters and into 
the Archbishop’s palace next door. 
There they seized a number of docu- 
ments and then galloped oil. They 
were never brought to justice, and the 
blame fell on the King, who was said 
to have incited them to the crime. 

Wlicn he received the news in Nor- 
mandy he seemed .stunned. He shut 
himself in his room, ale nothing for 
three days, aiul transacted no business 
for at l(‘ast live weeks. Then he 
expressed liis sorrow, promised to do 
certain penances and received the 
Pope’s pardon. 

(3n his return to Kngland he went 
to Canterbury, took off liis royal dress, 
put on a hair shirt and a pilgrim's cloak, 
and with bare feet walked through 
the streets to the cathedral. At the 
spot where the Archbishop had been 
slain he kissed the pavement, then 
went down to the tomb in 
the crypt and, flinging him- 
self on the ground, received 
five strokes with a whip 
from each of the bishops 
and monks who wore pre- 
sc.iit. There were eighty of 
them altogether, so Henry 
must have received 400 
strokes from the whip. 

Meanwhile the story 
went round that miracles 
were performed at the 
tomb of the dead Arch- 
bishop. People had dipped 
their handkerchiefs in his 
blood and those also were 
said to perform wonders. 
The tomb became a place 
of ])ilgrimage and great 
riches flowed in to Canter- 
bury as a result. Then 
as time went on th|i pride 
and ambition and cruel- 
ties of the dead man were 
forgotten, and he came 
to be regarded as a 
saint and as a martyr to the cause 
of hi.s faith. Even to-diw people visit 
his shrine in the great Cathedral not 
for the purpose of seeing an historic 
site, but because they regard Becket as 
a great and holy man. 

The assassination of Thomas ikseket 
in Canterbury Cathedral is as vivid 
on the page of history to-day as when 
the deed was committed. It is one 
of the outst£Uiding incidents of ECngUsh 
history which everyone rememl>ers. 



The King received five strokes from each bishop and monk 
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There are many ways in which the wind serves man well and acts as his friend. Even the housewife realises this when she hangs her 
clothes out on what she describes as ** a good drying day." With a warm, dry air blowing at a good rate and the sun shining, it is not 
long before her clothes are dry. The warmth evaporates the water in the newly washed clothes, and the constantly moving wind carries 
away the moisture, so that drier air passing by can take up still more of the water from the damp clothes. On a still, cool day clothes 
do not dry nearly .so rapidly, as the air round about the clothes becomes saturated and cannot easily take up more moisture 



“ not always the friend of man. When it blows as a fierce tornado, wredung buildings and hurling tiles and slates 
in ul directions, rooting up trees and blowiiy down walls and fences, it is a bitter enemy. It is not only in America and other lar«away 
lands that t^ wind does damage of this kind. This photograph was taken in fogland, and shows the wreckage left after a^ gale of 
wind had passed along a street. Roofs were blown on, windows were smashed, and walls and fences demolished 
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THE WIND AS FRIEND AND FOE 

We rarely think of the air we breathe and which is so necessary to our lives except when the wind is blowing 
strongly. Then as we have to fight our way against it we realise that the invisible air is really a substance. 

The wind is both the friend and the foe of mankind. Without it the early mariners could never have crossed the 
seas and opened up the world for later generations. By its aid, men in early days ground their corn and 
pumped their water. For centuries it constituted a very important form of power. When, however, the wind 
blows fiercely, then it can do untold damage. Cities and towns have been wrecked by tornadoes which are only 
the wind blowing at a terrific rate. Here are some interesting facts about the wind as friend and foe 
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S OME of US like the witid and some of 
us do not. Little children and 
feeble old people are blown about 
if the wind is very strong, and in any 
case it is annoying to have our hats 
blown off, or if we arc sitting reading 
the newspaper at the sesiside to have 
the ])aper carried away or torn by a 
strong wind. 

On the other hand if we are 
strong and healthy there is 
something very exhilarating 
about a walk in the wind. The 
battle as we fight our way for- 
ward is .stimulating, and wiirms 
us, and we feel that in the 
face of a strong wind we are 
filling our lungs with air. 

The wind is indeed both our 
friend and our fot^ First of 
let us think of the ways in 
which it is our friend. ’With- 
<nit the wind blowing upon the 
land from the sea an<l into the 
town from the country, we 
should not be as healthy as w’e 
are, for it is the winds that give 
our ]XJpiik)us cc*ntres a constant 
supply of fresh air and carry 
off the smoko and dust of the 
town or city 


Winds Bring Rmln 

Then we owe tci the winds 
the rains that irrigate our lands 
and cause the soil to be fertile 
and ]) r o d u c t i v e. The Sun 
shining on the sea warms the 
surface and causes a certain 
amount of the water to rise as 
vapour and this is carried by 
the winds on to the huid where 
it meets the ri.sing ground or a 
colder layer of air and i.s con- 
densed into particles of water 
which form into drops and fall 
as niiti. 

We also owe to the wind the 
fact that sailing ships can 
travel here and there on the 
seas and rivers and lakes. Of 
course, we arc less dependent 
upon the wind for transport 
now than we used to be, for a 
century and a half ago it was 
our only means of transport 
across the oceans, but now the 
steam or oil engine has sup- 
planted the wind. 

To some people these bene- 


Bceiit services of the winds may seem a 
little remote, but wc can come nearer 
home in estimating the value of the 
wind. Every housewife know.s how 
useful a good drying wind is on wash- 
ing day. The clothes arc hung out on 
the line and if there is a strong breeze 
the dripping clothes are soon dry and 
ready for the mangle. As a drier of 
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clothes, wet roads, puddles, and so on, 
the wind is a great friend of man. As 
it passes over the puddles or articles on 
the clothes line its warmth causes the 
moisture to evaporate and this moisture 
by the constant passage of the wind is 
carried away while drier air comes in 
to continue the good work. 

But the wind is not always so genial. 
It has its moments of temper 
as well as its times of kindness, 
and when it gets angry it is 
indeed a terrible foe. Nothing 
can stand up against it. 
except the solid mountains. 

How Winds Are Caused 

The winds are really caused 
by the Sun. The heal 'radiated 
from this ball of hre shining 
upon the earth warms the sea 
or land and the air in contact 
with them becomes warm. 
This means that it expsiiids and 
a given quantity is therefore 
lighter than the upper atmo- 
S})hcre which is not greatly 
heated as the Sun’s rays pass 
through it. The warm air in 
contact with tlic earth being 
lighter than that above natur- 
ally rises as cream rises in milk. 
Then the colder air rushes 
down to take its place 
and so there is a 
constant move- 
ment varying 
according to the 


We all find the wind a great friend at the seaside, when it 
brings the invigorating ozone from the sea, enabling us 
to fill our lungs with the oxygen which our blood needs 


rate and degree at which the 
low(!r air is heated. 

Sometimes the air above a 
certain area is heated more 
rapidly than in the surround- 
ing areas, and then the nir 
rushes in from all round to take 
the place of the warm air which 
has ri.sen. ^\'l^en the ditTereiice 
in the temperature and density 
of two bodies of air is very 
great the air movements are 
rapid and a storm is the rc.sult. 
Often when there is cooler air 
round a district that has 
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warmor air ascending in a cur- 
rent, the rush of cooler air into 
this district takes on a spiral 
movement, and so wc call it a 
cyclone, from the Greek word 
kuhlos, meaning a circle The 
cyclone may be cm a very large 
scale and not very violent. Hut 
if it is concentrated and the 
motion of the wind is violent, 
we call it a tornado 

It is in the tornado that we 
see the wind at its worst. If 
this hnppen.s on the sea no 
longer is the sailing ship helped 
gently forward by the wind It 
is torn and tossed by a raging 
hurricane, and is lucky if its 
masts ami sails arc not carried 
away and the ship itself des- 
troyed. 

If the tornado passes over the 
land it may sw(;ep a large area 
clean of lre(^s, crops, and build- 
ings. One such storm has been 
known to continue for thirty- 
five days, and to travel from tlie 
I'Miilippino Islands to Central 
Eiiiope, a distance of more than 
14,000 miles. 

A torna<io will cut through a 
forest like a scythe through a 
meadow of hay Even boulders 
of rock are taken up and trans- 
ported for hundreds of feet. 
Animals and huinaii beings are 
whirled about and .sometimes 
carried for half a mile or more, 
many being killed in tlie course 
of the storm’s mad career. Hair- 
pins have been driven through 
fence-boards and straws have 
been driven like bradawls into 
oak trees. 

Ori<' reason for the great des- 
tructiv<'nes.s of a tornado is that 
the air jnvssiire in the centre of it mav 
be very mucli les.s than in the siirrouiiJ- 
ing area. If it then passes ov^er a clo.scd 
building, such as a house or factory, in 
w'hich the air pressure is normal, 




For centuries it was with the friendly co-operation of 
the wind that man was able to travel about and cross the 
seas, and even to-day yachts and small craft are glad to 
make use of the wind in order to plough through the waves 


namely 14.7 pounds on every square 
inch, while outside the pressure is re- 
duced to II pounds to the square inch, 
then the building explodes outwards. 
The walls arc pushed out with a force 


equal to 533 pounds on every 
square foot, lii a tornado at St. 
Louis in 1896 a wooden plank 
was actually driven by the wind 
into a steel girder and left stick- 
ing in it 

Only those who have actually 
been in a really bad storm can 
realise the force of the wind. 
When it is blowing as a light 
breeze of only twenty miles an 
hour the pre.ssure it exerts on 
every square foot is two pounds. 
When it increases to a strong 
breeze of forty miles an hour the 
pressure is then eight pounds to 
the square foot. In a gale of 
wind at sixty miles an hour the 
pressure per square foot is 
eighteen pounds, and at eighty 
miles an hour it is thirty- two 
pounds When the wind reaches 
a hundred miles an hour then 
the pressure on every square 
foot it strikes is over half a 
hundredweight. It is no 
wonder that people and motor 
cars are blown over, houses un- 
roofed and trt‘es and telegraph 
poles iipriK>ted, 

It is not often we get such 
gales in the British Isles, but in 
January tc) 2 o at Quilty in 
County ('lare, the wiml blew 
with a speed of 110 miles an 
hour. So severe are the winds 
in that part of Ireland that on 
several occasifins on the West 
Clare Railway, trains have been 
blown oiT the mt'tals. 

The instrument at Oiiilly 
that measures wind velocities is 
fitted with an electric alarm bell 
and when the wind excectls (>5 
miles an hour this bell rings as a 
warning and the trains are tb.en 
specially ballasted to resist the wind. 
If the speed of the wiml reaches 85 miles 
an hour another bell rings, and all traf- 
fic is then suspended so that the trains 
may not be blown olf the track. 


A LAKE TWO-AND-A-HALF MILES ABOVE THE SEA 


T iif. I.'irgest lake in 
Suuth America 
is away up in 
the Andes, nearly 
two aud a half miles 
above’ 1 lie level of the 
sea. It is called Titi- 
caca, and is 130 mile • 
long, v.'ith an aver- 
age width of 30 
miles. In one part il 
IS nearlv ooo feet 
deep, but at other 
place.s it i.s so shallow 
that boats often run 
aground. 

T here are har- 
bours on its shores 
and steam boats fly 
on its waters, whicli 
come from the 
melted snow of the 
Andean peaks. 
These flow into it 
through two rivers 



Lake Titicaca, 13,500 feet above sea level, and the Island of the Moon. 


on the nortli shore, 
and the lake is 
drained by another 
river- at the south- 
ern end. 

Its water is very 
cold, being not 
much above freezing 
point for the greater 
part of the year. It 
is never, liowever, 
cold enough for ice 
to be formed. Storms 
occur on the lake, 
which belongs partly 
to Bolivia and partly 
to Peru, their lx>und- 
ary line crossing near 
the middle from 
north-east to south- 
west. Many fish are 
caught in the lake and 
provide a good food 
supply for people 
living on the shores. 
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THE STRANGE APPEARANCE OF ST. ELMO’S FIRE 



On the tops of the masU and similar places are seen brushes of 
nachine. These tufts of light are electrical, and are known as 
They appear usuaily'during" thundery weather, but are also seen occasionally in snowstorms. In the left-hand mrture 
* “ Similar appearances are recorded in ancient times, and we are told that 


Sometimes a strange and weir<^ appearance is seen by manners at sea. On the t 
pale bluish light, something like the discharge of a frictional electrical machine. 

St. Elmo's fire. They appear usually during thundery weather, but are also seei 
we see a ship with St. Elmo’s fire at the masts and yardarms Similar appearances are recorded in ancient times, and we are loia tnai 
the soldiers of Julius Caesar’s fifth legion were once alarmed by noticing that the ends of their spears appeared to be burning. The right- 

hand picture represents this ancient occurrence of St. Elmo s fire 



In the country St. Elmo’s fire is sometimes seen playing at the ends of the branches of trees, giving thm almost i^e 
Christmas trees lighted up with candles, as shown in the left-hand picture here. Such occurrimces base been se^ when snow 
the ground. At other times in thundery weather St. Elmo's fire has been seen playing on the spire of a chwch, am armng 

home with faggots or sheaves have seen the strange lights on the ends of their whips and the branches or aticlES in the cart 




Wonders of the Sky 


WHAT SHOOTING STARS REALLY ARE 

We are all familiar with the shooting stars that flash across the heavens from time to time, sometimes leaving 
a trail of light for a moment or two, and sometimes disappearing with a loud bang, like a rocket exploding. 
Of course, these are not stars at all, and the scientific name for them is ** meteors,*' a word from the Greek 
which means " raised from the ground " or “ hovering in the air." In these pages we read many interesting 

things about the true nature of meteors. 


I F we go into the garden on almost 
any clear night after dark and look 
up, we shall sec every now and 
again what appears to be a .star shoot- 
ing across the sky. Such an appearance 
is ]K)piilarly known as “ a shooting star.’* 
What we see, however, is, of course, 
not a star shooting across the sky, but 
something quite different. 

As we read in other ]>arts of this book, 
a star is a great fiery world like our 
Sun, but those “ shooting stars ” are 
quite small fragments, some the size 
of a pea, others the sire of a walnut, 
and others perhaps large?!*. The name 
scientists give to them is meteor, a 
word from the Greek which means a 
thing raised up l)eyond the Earth’s 
surface. 

It is important that we should know 
fxiully what meteors or " shooting 
stars” arc, for in the old days when 
the ma.ss of peo]»1e were ignorant they 
great Ij' feared these 
ap]iearances. It must 
be explained then that 
t h c s e points of light 
travelling rapidly 
.u ross the sky, some 
times leaving a trail of 
light behind them, arc 
fragments of matter 
rushing through space, 
and as the Earth moves 
in its orbit round the 
Sun it meets or is over- 
taken by these frag- 
ments. They a r e 
travelling very fast, at 
anything from ten to 
thirty miles a second. 

JVrbaps their average 
spec'd is about 25 miles 
a second. 


The Air as a Brake 

Attracted by the 
Earth’s gravitation 
a meteor rushes into 
our atmosphere and 
almost at once the air 
acts as a brake, slowing 
down its speed. The 
rc'sult is that the stone 
becomes white-hot and 
is visible to an observer 
on the Earth. When it 
is first seen it is gener- 
ally at a height of 
about 74 miles above 
the Earth, and then 
when it is some 50 miles 
away it disappears. 


Why does it disappear in this way ? 
Well, the reason is that the friction as 
it rushes through our air causes such 
heat that the meteor is burnt up ; part 
goes olf in ga.s. tand the rest, as fine dust, 
falls ii|K)n the Earth. 

Burning Showers in the Sky 

There are certain se^Lsons of the year 
when m<?ieor.s are often seen not singly 
but in showers. Hundreds of them art' 
.seen in a short time, all apparently 
radiating from a single point in the 
sky. Eor in.stancc, al the end of June, 
we 'often see showers of meteors, and 
these are known as Draconids, lx*caii.se 
they appear to come from the constel- 
latfon of Draco, the dragon. Towards 
the end of April we often see another 
shower of meteors rusliing through 
the air and known as tlio I.yrids 
lx‘cause they seem to come from the 
constellation Lyra, the bar]). 
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.About August 10th yet another 
shower apparently comes from the 
constellation J’erscus, and is known 
as the Eerseids. 'Fhen there are the 
Orionids often seen in the middle of 
(Viober radiating from the constel- 
lation of Orion. In the middle of 
November tlie Ix'onids are .seen coming 
from the constellation of Leo, the lion, 
and toward the end of November there 
are the. .Andromedids coming from the 
constellation Andromeda. 

These are not the only meteor 
showers that appear. There are vari- 
ous other showers at other times, but 
these are the chief. Sometimes the 
showers occur every year, and at other 
times only at intcWals of several 
years. Now the.se showers of meteors 
an^ not all alike, b'or instance, the 
Perseids have a yellow light, while the 
Leonids show a bluish-green tint, and 
the Andromedids are reddish. The 
ditterences are due to 
th(‘direction from which 
the meteors come into 
our almosphcre. 

The Meteors' Path 

We know that if a 
train is travelling at 
thirty miles an hour 
and another overtake.s. 
it and runs into it at 
fifty miles an hour, the 
force of the collision is 
the same as if a train 
going at twenty miles 
an hour ran into a 
stationary trai n . If, on- 
the other hand, a train 
going at fifty miles an 
hour meets a train 
coming in the opposite 
direction at thirty mile.s. 
an hour, the force of 
the impact is eighty 
miles an hour. 

Now when our Earth 
crosses the path of a 
shower of meteors and 
we meet the fragments 
coming towards us, tho 
speed with which they 
rush into our atmo- 
sphere is far greater than 
if the meteors overtake 
our Earth travelling in 
• the same direction or 

oS)n. Another than if they strike usi 
, like the Leonid sideways. Ihe greater 


Sms ntunbew oY mrtiow from other constellations, like the Leonid 

mateora from Leo between November 13th and t5th| and the Andromedid the speed with which 
iXwfronTiKinSu!; between HoTemb^ i’t* and asrd the Earths atmosphere 
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and the meteors collide 
the greater will be the heat 
generated. 'Phe Leonids, 
for in:%tance. are met by 
oiir Kartb and so, becoming 
very hot. they shine with 
ji vivid bluish -green tint, 
wherci'is the Andromedids 
overtaking the ICarth be* 
come much less heated and 
•shine with only a reddish 
light. 

What are tJiese showers 
<)1 meteors ? 

Why arc there so many 
fragments 1(»gethcr, anil 
why do the showers some- 
times persist for days? 
Well, all meteors are prob- 
ably fragments cjf s<nne- 
thing thill lias been broken 
lip in past ages. 

Just as the Sun is sup- 
posed to hiive been broken 
i>y the pull of a passing 
star NMlli the result that 
the planets were drawn off, 
so it is tlunight by astrono- 
mers thiit in some way 
other heavenly bodies wore 
broken up into iragments 
and that these Iragments 
came to lorin cornets with 
regular orbits round the 
Sun. 'riicn in course of 
time some of these comets 
became broken up and so 
wlien our ICarth crosses the 
path of a swarm of meteors 



A remarkable photograph of an Andromedid meteor exploding in 
the upper atmosphere. The explosion of meteors is believed to be 
due to the expansion of gases wi&in them* caused by the terrific heat 
that results from friction with the Earth's atmosphere. This photo- 
graph was taken by Mr. C. P. Butler, a Cambridge scientist, and 
published by courtesy of the Royal Astronomical Society 


it is really cros.sing the 
path of some extinct 
comet. The fact, that in 
certain cases when a comet 
has been due to arrive, 
meteors have come in- 
stead lends support to this 
theory. 

In some cases it is be- 
lieved that the fragments 
are scattered throughout 
tlic orbit, as in the case of 
the Perseids, and then the 
shower is seen every year 
and may continue for a 
week or two while the 
Earth is near the path of 
11 le meteors. On the other 
hand, in some cases the 
sliower of meteors occurs 
on one day only, as in the 
case of the Leon iris and 
the Andromedids. In tliat 
case it is believed that the 
meteors arc not scattered 
throughout the orbit but 
are concentrated, and we 
thus sec a shower only at 
the actual time of crossing 
the orbit. iMirthcr, such 
showers occur only at 
intervals of years, for 
these concentrated groups 
of meteors only happen to 
be where the ICarth is pass- 
ing at long intervals. 

Some people have an 
idea that “ shooting stars '* 
or metcc)rs are of rare 
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More meteors are seen in the early morning than at other times, and this picture diagram explains why. A cannon*ball flying through 
a swarm of gnats would catch most insects on the side that first entered the swarm. Now meteors are circulating in an orbit, which the 
Earth's orbit crosses. As the Earth reaches the orbit of the meteors it is in the position shown here, where we are looking down upon the 
Earth, Sun and meteors. It is 6 a.m. on that portion of the Earth that is running into the meteor swarm, and although meteors are 
flying towards the Earth from all quarters, the Earth's front, or forehead, as it were, encounters the largest number, just as the front 
of the cannon-ball caught most insects. When twelve hours later these places have reached the spot where it is 6 p.m., the smallest 
number of meteors will be seen, because only those travelling faster than the Earth can strike it, coming up as they do behind 
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occurrence, but this is far from being 
the case. Professor Newton has esti- 
mated that the number entering our 
atmosphere every day, and visible to 
us, must be between ten and twenty 
millions, and another 
astronomer believes, 
that in addition to those 
which are visible to the 
naked eye, there are 
at least a hundred mil- 
lions entering our 
atmosphere daily which 
can be seen only with 
the aid of a telescope. 

Meteoric Dust 

That these meteors 
add appreciably to the 
weight or mass of the 
Karth is beyond doubt. 

It is diiliciih to trace 
dust from meteors upon 
nrdinary ground, but 
scientists in (irccnland 
.i.nd other parts of the 
l''rr)/cn North have col- 
Icf.'tcd large t|nantitios 
of the meteoric dust 
by melting the virgin 
snow. In Spitzbergen, 
fur instance, Dr. Nor- 
(Icnskiold melted 
several ions r)f snow 
and then filtered the 
water. As a result lie 
<il)tainccl minute par- 
ticles (jf oxide and .sul- 
phide of in in.siibsf a nces 
ihat me known h) hav<? 
come from meteors. 

I'he average metcoi 
weighs Old V" the fraetion 
of an oil nee. There 
are so many, however, 
that Professor Young 
points out that if we 
assume 20 in i 1 1 i o n 
meteors a day, each 
weighing one -sixtieth 
of a pound, the total ainoiiut of 
matter added to the Earth would 
be 30,000 tons a year, yet it would 
take 800 million years for the meteors 


at this rate to add a layer an ifich 
thick to the whole of the Earth's 
surface. 

Perhaps the most remarkable display 
of meteors was that of the Leonids on 


November 12th, 1833. Observers 

reckoned that a,s many as 200,000 were 
seen every hour for five or six hours. 
As one scientist says : ** The sky was 


as full of them as it ever is of snow- 
flakes in a stonn." There were so 
many that an old lady said they looked 
like a gigantic umbrella. 

Of course, occasionally a fragment 
much huger than the 
average happens to en- 
ter the JCarth’s atmo- 
sphere and does not get 
completely burnt up 
before it strikes the 
Earth. Once or twice 
large meteors have 
actually reached the 
Earth and done grejit 
damage, but of these 
we read in another part 
of this bfM>k. 

Changing the Year 

Hut even those that 
r e a c li the Earth as 
dust and gas have a 
curious effect, for 
slowly they .nre dim- 
inishing the length of 
our vear. Of course, 
it is to such a small 
extent that we cannot 
notice it. Hv mathe- 
matics, howevtM', it can 
be calculated that the 
combiiie<l elf»*ct of all 
the meteors that leach 
the iLarth reduces cmr 
year by about one 
thousandth of a second 
ill a mil lion years. This 
reduction of the year 
is due to \ aririus causes, 
blit chiefly to the fact 
that the mass of the 
Earth is increa sod , 
which results in a 
greater attraction be- 
tween it aiul the Sun 
and, Iherelore, an in- 
creased speed in travel- 
ling rouiul the orbit. 
Meteors bring a cer- 
tain amount of heat to the Earlli, but all 
the meteors that come to the Earth in 
a year give us no more heat than the 
Sun does in a tenth of a second. 



A large meteor exploding in the sky with a loud detonation. These explosions 
are believed to be due to some of the materials in the meteor being rapidly turned 
into gas by the heat of the Earth’s friction 


HOW THE 

W HILE it is true that 
the Sun attracts 
the Earth and 
keeps it circling in its 
orhit in.stcad of rushing 
off into space, it is 
equally true that the 
Earth attracts the Sun, 
although, of course, 
being so small com- 
pared with the Sun, its 
attraction is little 
noticed. 

If two bodies in chc 
heavens circling round 
r>ne another were of the 
same sizo and mass, 
they would revolve 
round their common 
centre of gravity, which 
would be exactly half- 
way between the two. 


SUN AND EARTH GO ROUND AND ROUND 



In tlie case of the Sun 
and the Earth the same 
kind of thing happens, 
but the mass of the Sun 
is so enormous com- 
pared with the Earth 
that the common centre 
of gravity round w^hich 
they both revolve is 
almost at the Sun’s 
centre. This diagram 
shows tlie fact pictoh- 
ally, and we can see 
that the Sun’s revolution 
is little more than rota- 
tion on its axis, w'hereas 
the Earth goes round 
the Sun at a distance 
of over ninety million 
miles. In the diagram 
the sizes of Sun and 
Earth are not to scale. 


Ill 



THE EARTH AS SEEN FROM THE MOON 




If it were possible for us to make a journey to the Moon, carrying our own oxygen with us, as there is no atmosphere on the Moon, 
we should be able to look up and see our Earth shining in the sky like a much bigf;er and more glorious Moon. This pi cture shows 
the kind of scenery that there is on the Moon, with its great craters surrounded by high walls, and with smaller peaks inside. The Earth 
would appear with a diameter four times as great as that of our Moon, seen from the Earth. It would pass through various phases, 
as does our satellite, and when people on Earth were looking at the full Moon, we on the Moon would be seeing the new Earth 
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WHY A SMALL GIRL CAN PLAY A BIG TRUMPET 

There are all sorts of trumpets, but none of these depends for its music upon the force with which the player 
osn blow into the mouthpiece. The different notes are produced by varying the length of the tube, and this 
is done sometimes by pushing the tube in and out, as in the trombone, and sometimes by means of pistons, 
worked by keys, as in the cornet. Here the whole matter of trumpet playing is explained. 


A ciood many people, when they see 
a military band pass by, with 
some of the men carrying large 
brass or silver instruments such as 
the euphonium and bombardon, are 
astonisned that men who arc marching 
rapidly can find enough breath to 
play these instruments. 

Most of us, when we have walked 
a good distance quickly, especially if 
we are going uphill, are almost out of 
breath. Yet the bandsmen will play 
their trumpets, cornets and other 
wind instruments quite as loudly at 
the end of a march, even if they arc 
going up a slant, a.s at the beginning 
of the march on a level road. How is 
it that they can do this ? 

There is no mystery about the matter, 
lor the man who i)lays a trumpet 
iloes not get from it the sounds by 
blowing furiously into the 
m o u t h ]) i c c e and passing 
through the trumpet the air 
which he has previously drawn 
into Ills lungs through his nose 
As a matter of fact, very little 
of the man’s breath ever passi^s 
through the instrument at all. 

If w'e realised how much air 
IS enclosed in the brass instru • 
meiit compared with that in- 
side the player's lungs, we 
should at once understand that 
the instrument is not played 
by blowing volume.s of air 
through it. What happens is 
that tlie player places his lips 
against the mouthpiece of the 
instrument and then, by 
vibrating his lips, sets the 
whole of the column of air in 
the instrument also vibrating, 
and it is this vibration which 
gives the sound. That is why 
the fact that a young girl is 
able to play a cornet or trum- 
pet quite well should give us 
no surpri.se. 

It is not a matter of lung 
]K)wer, but of skill in the u.sc 
of the lips. In the brass band 
what is required to play the 
instruments well is not great 
strength of lung, but much 
practice. Trumpets and similar 
instruments consist of a tube 
widened out at one end into 
a cone or bell, and gradually 
narrowed towards the other 
end until there is a very small 
aperture. Then, hi order that 
the lips may be placed to this 


aperture in such a way that the c^m- 
nection is airtight, the tip is widened 
into a conical or hettiisphcrical cavity 
known as the mouthpiece. 

Tubes of different lengths and 
diameters give different notes, and 
while the diameter of an instrument 
cannot be varied, the length can be, 
and this is done by a number of in- 
genious devices. Wc may have seen 
photographs of Tibetan priests playing 
very long trumpets, often two or tlirec 
times as long as themselves. Well, the 
men in a brass band in England often 
play a trumpet whose tube is very 
much longer than their own height. 

In order to make the instrument 
convenient for handling and carrying, 
the tube is bent about or coiled up. 
Vot instance, there is .in instrument 
know'll as the French horn, in which 


the tube is very much curled about. 
The instrument is not much more 
than two feet across, but if the lulie 
were straightened out it would measure 
seventeen feet from mouthpiece to bell 
opening. 

Ill one type of instrument, the trom 
bone, the diflerent lengths of tube lor 
the different notes are obtained by 
sliding one part of the instrument up 
and down, thus increasing or shortening 
the length. In that type of instrument 
there are no pistons to be pressed up 
and down by the fingers, as in the 
cornet, for the sliding of one part of 
the instrument in and out of the 
other provides the necessary variations 
of length. 

When we come to the cornet, however, 
the chief soprano brass instrument, 
tile variations in the length of the tube 
are obtained 
by valves in- 
side, which are 
worked by 
pistons. These 
valves, ac- 
c o r d i 11 g to 
which piston 
is pressed with the 
finger, shut off or open 
up certain coils of the 
tube. Tile length of 
that part in which the air is 
set vibrating between the 
mouthpiece and the bell or 
cone is varied. 

'I'he cornet of the brass or 
silver baud is quite a modern 
instrument. In its present 
form it dates only from the 
nineteenth century. I'lie 
cornet mentioned in Shake- 
speare’s plays was a different 
instrument made of wood. 

The comet has no fixed 
notes like those of a wfxid- 
wind instrument with its 
holes or keys. The different 
notes of the musical scale are 
obttiined partly by the player 
varying the tension of his lips 
iind the pressure of his breath, 
and partly by using the three 
istoiis, and the changes of 
cy or pitch are also obtained 
by means of the pistons and 
valves. In other words, the 
note is matde high or low by 
changing the length of the 
tube, and thus varying the 
size of the column of air 
which is set vibrating. 




THE INGENIOUS MECHANISM OF A CORNET 



A cornet consists of a tube widened out at one end and narrowed towards the other extremity. To make the instrument convenient 
for handling the tube is bent to and fro. A note is produced not by blowing hard, but by vibrating the lips and setting the air in the 
instrument also vibrating. The different notes are obtained by varying the length of the tube, and this is done by means of keys which 
move pistons and link up different sections of the tube. In the top picture the air is vibrated round the bent tube through B, and then 
conducted by channels as indicated by the arrows to A, and so out. To cause the air to vibrate in a longer tube and give a different 
note, as in the left-hand bottom picture, the extension C (cut away in the top picture to show B clearly) is utilised, by pressing down the 
first piston. The air vibrations now pass from B round into C, before going into A, and out through the cone. In the third picture, by 
depressing the first and third pistons, the air vibrations travel through B and C and D and E before going through A and out at the cone 



The trombone is a much simpler instrument than the cornet, for it has no pistons, and the different lengths of tube for the different 
notes are obtained by sliding one part of the instrument up and down, thus adding to or shortening the length. In the upper picture 
the instrument is closed, giving the shortest length of tube, and below it is fully extended, theretqr almost doubling its length 
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MEASURING THE SPEED OF LIGHT 
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SSSmo rtotanTe?flUS?na?iL*wh^ •““* i ‘*7«‘“ «K«>t concentrated by a lens is reflected by an inclined 

loom TO move tnrougft a certain distance, the speed of the light intercepted by the tooth can be worked out It is 186.000 miles a second 


THE WAY IN WHICH A ROOM IS VENTILATED 



shows how the circulation of air in a room is kept up. Warm air always rises, and 'so the gases we breathe out and the 
«r that IS warmed by the fire rise, as shown by the arrows, and pass out through the top of the door. The cooler fresh air enters by 
tne md^ and door, and, being heavier, remains in the lower p^ of the room till it is warmed and rises, cold air again rushing in to 
take its fdaoe. Thus a constant circulation is kept up, A lighted candle against a keyhole shows that air is passing through 
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EXPERIMENTS WITH HOME CHEMICALS 


I T is not necessary to lay in a bij* 
stock ot out-of-the-way chemii als 
to perform interesting and in- 
stnictive experirnents. I'htTc are 



An experiment with ginger beer 



Combining iron and sulphur 


jilenty ot substances in oiir homos w'ith 
whicli wo can experiment and learn 
iin])ortanl scientific (acts. 

1'ake, for instance, such a familiar 
artn le as a bottle of ginger Iwer, or 
soda water. As we know, the lK|ui(l 
contains a gr<*at d«‘al of gas, the same 
gas that is found in ](*moiuule. and other 
li/zy mineral waters. It is known to 
ehemists as carbon dioxide. 'I'his is 
the gas that we bn at he out, and it 


does not sup|>ort life or combustion. 
If wc were placed in a nx^ni full of 
carbon-dioxide w^e should die, and 
when we are in a closed up room con- 
taining a large number of people, wc 
sf)on get drow'sy. This is because the 
air has become laden with the carbon- 
dioxide gas breathed out by the crow'd. 

We can prove that carbon-dioxide gas 
does not support combustion, by 
holding a lighted taper to the mouth of 
a ginger beer or soda water bolt le. The 
moment we unc«)rk it the gas begins to 
escape and the flame is put out. 

H(‘re is an experiment to show" how 
two^ elements combine to form a 
chemical compound. Take an ordinary" 
glass test tube, and put in it a few 
clean iron filings and some tlow’tTs of 
snlidiur. Shake* them together and 
then hold the lest lube over a spirit 
lamp or g<us ring. At a certain tem- 
perature the iron and sulphur will 
combine and produce iron sulphide. 

Another way to perform the experi- 
ment is to make a rod of iron white 
hot in the fire, and then while' it is in 
this condition touch a .stick of brim- 
stone. The iron and brimstone, which 
is sulphur, combine, and the iron sul- 
phide drops down, th(* metal rod 
apparently melting away like sealing 
wax. Of cours(', w"e must be careful 
wh(‘re w'e perform siK*h exp(*riinenls, 
doing them over a h<*arth or stone floor. 

Washing soda is kept in ever^' house, 
and when we look at this material we 
may not think tliat it contains metal, 
but one of the elements of w'hich it is 
ma<le up is the met a! .sodium, and we 
can prove this by taking a steel w'irc, 
dipping it into a strong solution of 
soda, ami then holding the w'ire in the 
llaiiie of a gas ring. 

We see a rich golden dame which is 
the metal .siMiiiini in the soda solution 
burning. 

An amusing experiment whic;h lorjks 
like a conjuring trick can be jH*rformed 
before our friends to mystify them. 
We call it “ changing wine into water.*' 


We take a few crystals of permanga- 
nate of potash, and dissolve them in a 
glass of water. Then we pour into the 
coloured fluid a few drops of oil of 



Watching the metal in soda burn 



A mystifying experiment for a party 


vitriol or sulphuric acid. The liqiiitl 
now looks like red wine, but if we pour 
into it a little hyp‘»siilplnte of soda, 
known to photogra])liers as '* hypo,** 
the colour at once disap|)ear.s ami the 
glass appears to contain wati*r. 

Chemical action has taken jdace. 
breaking up the ]>erinangiin:ite of potash 
and the sulphuric acid, and forming 
.sulphate of potash and sulphate of 
manganese, both colourless. 


HOW AN 

T hk bUu k inks we 
use t<jr writing 
are made from 
watf' and tarinateof 
iron, a .substance tli it 
darkc’iis on exposure 
to llu air. When we 
drop a blot on onr 
paper from the pen 
anti leave it we find 
alter a lime that the 
blot is drv hut the 
paper is stained 
black. What has 
liappeiied is shown 
in the acconipanyiiig 
picture. The dark 
part of the ink con- 
sists of little par- 
ticles, and these are 
mixed with particles 
of water, fonning a 
black liquid. The 


INK BLOT DRIES 


UP AND LEAVES A STAIN 



An ink blot drying. The water escapes leaving the solid black matter behind 


particles of ink will 
noT evaporate, but 
the water evaporates, 
rising in little in- 
visible globules of 
vapour which expand 
with the heal as they 
rise and mingle with 
the atmosphere 
round about. At 
last all the water is 
driven off and only 
the particles of stain 
are loft on the paper. 
In the liquid state 
the little particles of 
ink are held buoyed 
up between the par- 
ticles of water. 

Of course, the 
warmer the air the 
quicker the blot of 
ink will become dry 



Marvels oFChemistry&Physics 


WHY THINGS DO NOT FALL APART 

We can hold up a slab of marble, but we cannot hold up a slab of sand. Directly we try to lift a piece 
of sand the grains all fall apart. Why is this ? A force which men of science call Cohesion holds the particles 
of a substance together, but its power varies greatly in different materials. Even grains of sand can be made 
to cohere to some extent when they are wet. The word “ cohesion *’ means “ a sticking together.** Here we 
read some facts about this remarkable force, which is of great value to mankind 


H ave you ever thought what a 
remarkable thing it is that 
when two teams of extremely 
powerful men are piillitig the ends of a 
comparatively slender rox)e, the rope 
does not break ? 

You may also see a huge liner towed 
through the*, water by means of a 
'.lend**!' steel liawser. 'I'he strciin on this 
t able must be enornions. y<!l it does 
not break. On lh<^ other hand, some- 
times when yon are tying up a parrel 
and you pull the string tightly it breaks. 
Why is this } 

\\ hy IS it that so rarely (hies a rope 
break, or ehdh tear, or wire .snap or a 
wootlen ydank give way ? Why is it 
that sonH*tiim*s when you catch your 
iinibKjlla ni a eraek or hole in the we- 
ment the stick snaps, and why is it 
that a stout yiokc'i' which when 
It is cold will not bend at all. 

. an be lH‘nt quite easily when 
it made i<*d'hol in the lire ? 

Why, too. if yon dnjp a kettle 
)n the stone floor of the scullery, 
do<‘s it dent but not break, and 
why if yon drop an earthenware 
li.ism or china cu]> does it crack 
or break ii]> into fragments ? 

A Clinging Force 

All tliese facts are very 
c on iinon place, and yet there is 
a n-ason why the different 
objects and materials behave in 
the different ways described. 

There must be .some force or 
pf>w(‘r w'hich holds the jwrticles 
of a substance togelh<*r. ami 
that force is known to science 
as C'ohesion. 

The name comes from a 
Latin word which means “to 
cling together.” and cohesion is 
the force which causes the mole* 
rules of a body to hold together. 

'The power of cohesion in 
different substances varies a 
great deal, and the strength of 
a material depends n])on 
whether the force which holds 
its particles together is strong 
or weak. If wc take a biscuit 
between our fingers we c«an 
break it quite easily, for the 
coliesion between its various 
particles is very weak indeed. 

But if wc take a penny l^etween 
our fingers wc shall find we can 
make no impression, the reason 
l>eing that the cohesion between 
the molecules is powerful. 


Before the force of cohesion can come 
into pkiy the molecules must Iw very 
clo.so together. If we smash an earthen- 
ware or jKircelain yx»t we may fit the 
fragments together so skilfully that the 
uriai(l(x1 eye can detect no crack;i at all, 
but we have only to touch the vessel 
with our finger for it to fall to pieces 
again. I'hc cohesion lictwi-en the mole- 
cules h.as lH*en dc.stroyed, and though 
when the fnigmeiits arc fitted together 
they appear to be very ck)se, th(*y ar(i 
not close enough for cohesion to come 
into play. 

'There arc some substances, however, 
which can Ik* welded together by co- 
hesion much more easily than others. 
If, for example, we take tw'o slabs of 
lead with very smooth, level and clean 
surfaces, and press them tightly to* 


gether with a screwing motion, they 
will c(jh(‘ro so that a good deal of force 
is rc(|uired to pull them apart again. 

Similarly, if twx) very smooth cast- 
iron ])lates are pressed together so as 
to exclude the air between them, they 
will adlujre so firmly that they will 
support a considerable w'cighl. 'This is 
in no .sense due to atmospheric pressure, 
as in th(‘ case of a boy's sucker, for they 
will adhere just as firmly in a vacuum. 
Powdered graphite, that is the 
matcTial which forms the learl of lead 
pencils, when subjected to a ver)* great 
pressure, becomes a soliil mass. 'The 
pressure brings the mysterious force 
of cohesion into play, and the particles 
hold together. This force is also pre- 
sent in liquids, though there it is much 
weaker than in solids. If we lake a 
perfectly clean glass rod and 
dip it into water, \vv shall find 
when we withdraw it that a film 
of w'ater clings to the rod. If, 
on the other hand, we dip the 
glass rod into cpiicksilver, none 
of the metal adheres. 

Cohesion Lessened by Heat 

'This shows that the force of 
cohesion is stronger between 
the glass and the water tlian 
between the molecules of water 
themselves ; and, on the other 
hand, there is no cohesion at 
all between the quicksilver and 
the glass. I'hc tenacity of wire 
is due to the cohesion tietween 
its molecules, but the cohesion 
of .solids is very much lessened 
by heat. 

The older scientists used to 
make a distinction between the 
force which holds together the 
particles of one particular 
material or body and the force 
which holds together two dif- 
ferent kinds of particles ; they 
called the former coliesion and 
the latter adhesion. I'hus, they 
said, the molecules of a plank 
of wood were held together by 
cohesion, while if the plank 
were glued to another plank the 
glue and the wood held to- 
gether by adhesion. 

in the same way the par- 
ticles of a stick of chalk were, 
they said, held together by 
cohesion, while when writing 
was put upon the blackboard 
it was adhesion that held the 
chalk and the board together. 



This is the famous Portland Vase, which was smashed into 
many fragments by a madman at the British Museum. The 
cohesion between the particles was overcome, but the many 
pieces were fastened together by cement and cohesion was 
once more restored by its means 
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MARVELS OF CHEMISTRY AND PHYSICS 


Modem scientists, however, make no 
such distinction, but speak of cohesion 
in all cases. 

What exactly is the nature of this 
mysterious force, scientists are unable 
to say definitely. They think, however, 
that It is electro-magnetic in its origin. 

If the force of cohesion were suddenly 
to cease, everything in the work! woula 
collapse. Houses would fall, furniture 
w'uuld liecorne heaps of powder, and 
indeed all solids would be reduced to 
tiny jiarticles. Whtm in the engineer’s 
shop metals are soldered, brazed or 
welded together, the strength of the 


its original condition, all depend on 
this force of cohesion. 

With regard to malleability, it is 
interesting to know that gold, which 
is the most malleable of all substances, 
has been hammered into sheets one- 
300,000th of an inch in thickness — 
that is. sheets so thin that it would take 
300,000 piled one on top of another to 
make up an inch. 

An interesting object-lesson in co- 
hesion is afforded by the famous Port- 
land Vase. This work of art, which is 
made of beautiful dark blue glass with 
figures of opaque white glass decorating 


madman had hurled it to the ground, 
l‘he shock of striking the floor had over- 
come the cohesion between the particles 
of the glass, and never again could the 
Portland Vase be as it had been. 

But an employee of the Museum, with 
infinite patience and remarkable skill, 
stuck the pieces together again, so that 
the vase is able to stand up. At a 
distance it is almost impossible to see 
where the fragments arc joined, and 
no doubt the cohesion between the glass 
and the cement which holds the pieces 
is probably as great as between the 
molecules of glass themselves. But the 



We often see examples of the force of cohesion being overcome by some other force, as when the pressure of our fingers breaks a biscuit 
in two, or when we drop a plate and break it. Here is a striking illustration of this. A chimney which has stood for half a century is 
seen being felled. One side was undermined, and the force of gravity caused it to begin to fall. Then the wrench given to the different 
parts of the chimney falling at different speeds overcame the cohesion between the bricks and mortar, and it broke up 


joint depends entirely on the force of 
cohc'^ion. 

Wuen engineers and builders speak 
cd the strength oi materials they are 
really only speaking of the force of 
cohesion wliich is openating atnoTig their 
j)articles. Many of the physical pro- 
perties in which solid substances ditlcr 
from one another depemd on the differ- 
ences in the cohesive forces which exist 
between their molecules. Hardness, 
brittleness, ductility (that is, the extent 
to which a substance can be draw'ii out 
intotvire), malleability, or the extent to 
which it can be hammered into thin 
sheets, tenacity, or its power of 
resisting breakage, and elasticity, or 
the ability of a body after being drawn 
or pres.sed out of shape to return to 


its outside, and was found in the six- 
teenth century in a marble sarcophagus 
near Rome, is supx)oscd to be about 
2.000 years old. 

I'or more tluin a century it was the 
glory of the Barberini palace in Rome, 
and was called the Barberini Vase. 
Then, after changing hands several 
times, it came into the posso.ssion of 
the Duke of Portland, since when it 
has been known as the Portland 
Vase. 

While it was on loan in the British 
Museum a strange thing happened. 
On February 7th, 1845, just before 
clusing-timc, a loud crash was heard, 
and when attendants rushed to the 
spot they found the beautiful vase 
lying in fragments on the floor. A 
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cement is necessary. No amount of 
pre.ssing the fragments together without 
cement can produce the nece.s.sary cohe- 
sion to make the vase a unit. 

When a tall factory chimney that i.s 
no longer wanted is felled, it begins to 
fall as one structure till the wrench and 
the varying speeds at which the differ- 
ent parts of the chimney fall overcome 
the cohesion between the bricks and 
mortar and the chimney begins to 
break up into fragments, as can be seen 
in the picture on this page. 

It has been said that heat weakens 
cohesion. That is why a red-hot poker 
can be bent so easily, and a piece of 
wire which when cold supports a cer- 
tain weight, will break under the same 
weight if the wire be heated. 


EXAMPLES OF THE FORCE OF COHESION 







I 





The force of cohesion, which holds things together, is the force which enables us to build houses and churches and chimneys by piling 
brick on brick. The power of cohesion between different materials Taries a mat deal. There is very little cohesion between the bricks 
themselves, but by using mortar we are able to build a wall that snll stand for a hundred years or more. Indeed, some buildings put 

up by the Romans and others have stood for thousands of years 





Here is etiU • more strikiiiK ennmie of cobesioii. A rope is mode up of short lengths of fibre twisted together, end it it the cohesion that 
makes the rope so strong ^ sriien a number of muscular men are pulling on the rope in opposite directions, as in a tug-of-war, the rope 
holds together w * t h w it muting. Of course, if more and more force were used tins might at last overcome the power of cohesion and the 
rope btci^ This sometimes happens with a ship's cable when wind and waves put an eatra strain i^on the rope. Friction betwe en 
tiw variouwUands of the rope also has something to do with holding it together 


no 



HOW AN ELECTRIC BELL IS MADE TO RING 



The bell-push has a button fitted to a spring which, except when pressed, stands away from the other metal of the push. Wires con- 
nect up the battery with an electro-magnet and with the bell-push. As long as the push is untouched the electric circuit is broken, 
but as soon as the button is pressed the electric circuit is completed. A current now flows from the carbon or positive pole of the 
battery to a contact screw, passes up a steel spring to which a soft iron armature is attached, goes round the coils of the magnet, back 
to the bell-push, through the spring and the wire attached to it, and thence to the zinc or negative pole of the battery. The current going 
round the coils of the iron horseshoe turns that into a magnet, the armature is attracted and pulls the spring, vibrating a hammer 
and causing it to strike a gong. As soon as the armature and spring are drawn to the magnet away from the contact screw, the 
electric circuit is broken, whereupon the horseshoe ceases to be a magnet and the spring returns to the contact screw. At once the 
current is re-established, and the same thing happens again and again so long as the button is pushed 


WHY A WHIP CRA(KS 
WHEN IT IS SLASHED 

W HHN a whip with a long lash is slashed 
right and left with a swing, we 
hear a loud crack. What causes 
this ? Well, as the thong of the whip 
moves through the air at a rapid rate it 



Making an explosion with a whip-lash 


comjiresses the air In'fore it and then the 
compressed air. as soon as the lash has 
gone, expands back and resumes its 
normal pn^ssure as suddenly as it was 
coinpre.ssed. 

Jt is when the air is expanding to return 
to its place that it sets up a movement in 
the niolecnles of the atmophhen?, causing 
them to strike upon onr eardrums, and the 
auditory nerve, then carries the message 
to the brain. 

The crack of the whip is really a minia- 
ture ('xplfjsion, the compressed air ex- 
panding suddenly making the same kind 
of sound us an explosion of, say. giin]>owder. 

A cracking sound is generally, if not 
alw'ay.s, the result of a small cx]>losion. 
We get a familiar example; of this in tht; 
crackling of a wtkmI fire when it is lighted. 

Wc know how, as soon as the paper has 
set hglit to the wood, there is a regular 
scries tif cracks. These are actuallv little 
explosions taking place in the wood. 

The cavities are filled with air or liquid, 
and the heat causes this to expand suddenly 
with the result that tlierc is an explosion 
setting up waves in the air which reach our 
ear-drums in the same way as in the case 
of the cracking of a whip-lash. 

The sharp crack of thunder which is 
heard, when we arc very near the light- 
ning, is also enused in the same w'ay. As 
the lightning, whicfi is an electric spark on 
an enormoiLsIy large scale, passes through 
the air its heat causes a sudden ex]iansion 
of the air in its track, and this is succeeded 
almost immediately by a sudden compres- 
sion of the air round {he path of the light- 
ning, with the result that there is a rajiid 
inrush of air particles to fill the vacuum 
thus caused. Jn other words, there has been 
a kinrl of explosion giving the cracking 
sound wdiich we know as a thunder clap. 


STORED UP ENERGY 
CHANGED INTO MOTION 

W K ran perform an interesting experi- 
ment by hanging an Indian club 
and a .small wi'ight from a beam 
Tlie strings must be of such a length that 
the two ol)jects will swing in iimson. Set 
both swinging, then stoj) the Indian club. 

.\ow with a penc il give tin; club gentle 
taps near itsceiitreof gravity, timing them 
hy the swing of the small weight. T’hero 
should Ik* one tap for each double swing 
ol the weight, (.raduallv the stored up 
energy received fioin the light pencil 
taps will .set the club .swinging once more. 



How to tap the swinging club 
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THE STREAM OF LIFE IN YOUR BODY 

Except when we cut a hnger or our nose bleeds, we rarely give a thought to the blood that courses through 
our bodies. Yet it is the most important substance in the world, and if we lose it, or it should stop travel^ 
ling through our arteries and veins, wc should die. It is indeed our very life-stream and In these pages 
we learn much about its nature and its importance to us 




M en of science have studied the 
blood for centuries, and have 
found out a great deal about 
it, but even now they liavc much to 
learn and there are many things about 
our blood wliich cannot" be explained. 

The blood does a vast amount of 
work in our bodies. It carries to the 
various tissues food -.stuffs that have 
been j)roperly preparc'd by our digestive 
organs ; it also carries to tlie tis.sucs 
oxygen gas which has been absorbed 
from the air in the lungs ; and it carries 
olf from the li.ssues various waste 
products which inu.st be got rid of. It 
also lielps to ecpialise the temperature 
and tile water contents of dilTereiit 
parts of tlic body. All this shows how 
important the blood must be to our 
lif(‘ and Iiealtb. 

What is this wonderful fluid upon 
which we are so dependent ? Well, 
when it is examined it is fouiitl to 
consist of various parts 'J'lien; is. for 
instance, a liquid pari called by men 
ol science plasma, and this is lU'arly 
colourless, although as we know when 
wo prick our finger the blood is red, 
sometimes briglit 

red. and sometimes 

much darker. It is , 
bright red il it is fairly 
pure aiul comes from ' 
an artery, and il is I 
dark if it is impure ' 
and ccmies from a vein 

Tiny Discs 

But what gives the 
blood it.s red colour if 
the liquid part of it is 
I leai ly colour le s s ? 

Well, in tlic plasma 
tiicre float a great These three pic 
number of tiny discs is taken from ot 
known as red cor- 
puscles. They are not however, chemi 
reallv red, but a kind 
of <\ 6 vp yellow, When, 
however, numbers of 
them are seen together they give 
the impression of redness. Tliey are 
very small indeed. A red corpuscle 
is only one 3,2oot]i of an inch in 
diameter, and in thickness about 
one-third of this. That is, if laid 
side by side il would take 3.200 red 
cor|)uscles to Hiv^asure an inch, and if 
packed together like pvMinies piled up 
it would take nearly 10,000 to make an 
inch. If we laid red corpuscles side by 
side it would take about 10,000,000 of 
them to cover one square inch. 

About half the weight of iJic total 
amount of blood in our bodies consists 


of red corpuscles, so knowing how small 
they are we can quite understand that 
there must be an enormous number. 
Indeed, in every cubic inch of blood in 
our bodies there are about 82,000 
million red corpuscles, and in the whole 
of the body of a full-grown man weigh- 
ing eleven stones, the iiuinlicr is about 
25 million million. What a marvellous 
thought it is that we have in a thimble- 
ful of our blornl more than thirty times 
as many corpuscles as there are people 
in the world. 

An Amazing Fact 

Now it IS thos<‘ little bodies which 
absorb th ' oxygen from the air as they 
pass through our liing-i. and as wo neeil 
a great amount ol oxygen it is a very 
good thing there are so many tiny red 
corpuscles, for the total number present 
a very large surface tf) the oxygen. 
I'he total area of all the re<l corpii.scles 
in a man’s body is nearly 35,000 scpiarc 
feel, or 1500 times the whole of the 
outside surface of his l>ody What an 
ama/iiig fact this is 

If we go up a mountain our blood 






These three pictures show in diagram form what happens to our blood if it 
is taken from our body. The fresh blood has just been pl^ed in the first glass, 
and the red and white corpuscles arc floating in the fluid. Almost directly, 
however, chemical changes take place, and small fibres form as in the second 
glass. After about ten minutes these, with the corpuscles, form a solid mass 
known as a clot, and the fluid part becomes a thin, watery liquid called serum 


soon has an increasing number of red 
corpus<'l<*s, and at a height of 13,000 
feet wc should have nearly half as 
many .igain a-s when we are at .sea 
level Thi.s is a wonderful provision of 
nature in order that our bodies may 
n'ceive suflicient oxygen 

As we know, at the top of a high 
mountain the air is much rarer than it 
is at .seadevel. which means that it 
contains much less oxygen. Our bltwid. 
therefore, at such a height develops 
more and more red corpuscles, so that 
their area or .surface may l>e greatly 
increased and thereby lie enabled to 


take up as much po.ssible of the 
oxygen that gi‘ts into our lungs. 

ihit the red rorpiiseles are not tin; 
only bodies which are found in tin; 
plasma or liquiil of the blood There 
arc some other (orpnseles which are 
white in colour and are, in consequence, 
known as white corpiiselos. 

They are larger than the red cor- 
puscles, being one 2,500th of an inch in 
diameter. I'liev also rlifftT from thci 
others in being not round like discs, 
but irregular in form They are all 
sorts of shapes and. something like th.il 
little creature kiunvii as the amoeba, 
are constantly t hanging 111 shape. Men 
of science are not tpiiie sure wliellier 
thtre are dilfen*n1 kinds of while 
corpuscles or whether their aj)p«irent 
differences at*' due* only to these con- 
stant changes in form 

Another way in which white cor- 
piisclc!s differ from the red is that there 
are far fewer of them in the blood ; in 
fact, on an average there is only one 
wliite corpuscle to every 500 red. They 
are like* the red corpuscles, however, in 
that the number varies at different 
times. It increases 

during digestion, and 

so, while at one time 
th(*rc may be one to 
every 300 red cor- 
puscles, the proportion 
may lx.* only one to 
every 000 at another 
time" 

Disease Fighters 

Wh.it is the wwk of 
these while corpuscles? 
Well, doctors are still 
studying them and 
our blood if it they do not yet know 
n the first glass, everything the white 
Almost directly, corpuscles do to help 
as in the second our bodies, but thev 
rm a solid mass know that they are of 
id called serum enormous service in 
lighting disease 

If we get a wound and inflammation 
sets in, white corpuscles rush to the 
spot and begin devouring or absorbing 
the injured ti.ssue, which is causing the 
harm, or the little bacteria that cause 
the trouble. In other words, they help 
us to resist infection. They arc like a 
great and efficient army of defence in a 
country : directly an enemy invades 
the country the army of defence rushes 
to the spot to repel the invader. 

So it is with the white corpuscles 
of our blood. They lose no time in 
assembling at the "danger spot and 
generally they win the battle, though 
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WONDERS OF ANIMAL AND PLANT LIFE 


sometimes the invading army of bac- 
teria is too strong for them. 

They fight the enemy by eating him 
up. They also clear away" dead tissue, 
whetlKT it l>e due to injury or to any 
other rause, and in the case of the tad- 
pole, when its tail becomes no longer 
necessary, it is by means of the white 
corpuscles in the blood that the tail is 
absorbed as the tadpole changes into 
a frog bv a wonderful provision of 
nature in certain acute diseases the 
iiiinibei of white blood corpuscles is 
greatly increased. It is intleed like 
the rhobilisation of a fighting army 
from the civilian population of u 
country wlien invasion threatens 

In addition to the red 


is restored to its normal, but then, of 
course, there is a shortage of red 
corpuscles. Gradually, however, their 
number is increased, until in a few 
weeks the blood is normal once more. 

Now red corpuscles are said to be 
formed in the marrow of our bones, 
where tlui blood capillaries and veins 
have very thin walls. It is there that 
the newly formed corpuscles are able 
to pass through the walls into the 
blood stream. 

Each red corpuscle consists of a 
framework of protein, containing in 
its meshes a red colouring matter 
known us haemoglobin, and it is to this 
that the red colour of the blf)od is due 


There is one property of blood which 
is of the very greatest value to us. 
and that is its power of clotting or 
becoming .solid and jelly-like. Wc know 
how when we cut or prick our finger 
the wound bleeds for a short time, but 
soon the blood becomes solid round 
the cut, filling up the gap, and then 
the bleeding stops. 

Let us see why the blood clots, it is 
certainly one of the most marvellous 
rovisions of nature for .saving us from 
leeding to death. The plasma or liquid 
part of the blood in which the corpuscles 
move contains in .solution various 
rotein substances. One of these is 
iiown as fibrinogen. When the blood 
escapes from a bkxKl 


and white corpuscles tiicre 
is a third class of bodies 
ill the blood known as 
blooil plait's or platelets 
They are so small — mucli 
.smaller than the red cor- 
puscles— that it is only in 
recent years that they 
have been discfivi'red at 
all, and their minute size 
makes examination ex- 
ceedingly ditficult. Indeed, 
some scu'iitists deny the 
('xistence of tlu'se plates 
altogether 

Hidden Wonders 

Their number has been 
varmusly estimated at 
from 3,<x>o million to over 
1^,000 million in every 
cubic inch of blood Then 
shape is said to vary a 
good ileal, some being 
doubly convex on both 
sides like a lens, and otliers 
flat like a gramophone 
record They are lielieved 
to have something to do 
with lorming clots ol 
blood, as they always 
gather round any injured 
spot in the wall of a blood 
vessel and fuse togelher 
so as to form a clot over 
the injured place, thereby 
])re von ting the escape ol 
i>lood from the blood 
vessels They are believed 
to exist only in the blood 
of maiiinials. 

To return to the red 
cor|a*-< les, these are being 
constantly formed in the 
blood, and it is, th<^refore. 
assumed that they are also 



This picture shows what happens when we cut or prick our finger. 
The blood would continue to pour out, but directly it reaches the air 
chemical changes take place, and fibres are form^ which are known 
collectively as fibrin. These bind together the corpuscles and the fluid, 
which all hardens into a clot that stops up the opening and prevents 
further blood from escaping 


vessel tliis fibrinogen 
undergoes certain chemical 
changes, and produces 
little threads or fibres 
which arc called by men 
of science, fibrin. It i-» 
these which cause the 
clotting of the blood. In 
fact, the clots consist of 
these fibres tUcissed 
together. 

Of course, the wonderful 
thing is that the blcKxl doe.s 
not clot in the arteries and 
veins ; if it did the stream 
would cease to flow, and we 
.should die. Hut directly 
there is a wound in a blood 
vessel and the blood begins 
to pour out, the chemical 
change.s take place, fibrin 
is produced, and the 
wound is stopped up so 
that no more blood can 
get away. 

The Bundle of Fibres 

When the fibres are 
formed a yeJlowi.sJi, watery- 
lookiiig fluid is left and 
appears on the surface of 
the clot. This is calleii 
serum. The clot of fibre.s 
has the corpuscles of thi' 
blocxl mixed with it. It is 
interesting to know that if 
blood freshly taken from 
the body is “ whipped " in 
a vessel with twigs, just as 
we whip cream, the fibrin 
collects on the twigs, and 
a red fluid is left in the 
vessel consisting of serum 
with red and white cor- 
puscles. The corpii.scles 
in that case, do not gel 


being constantly destroyed. 'J hey arc 
.soft, flexible, elastic bodies, so that 
they can readily squeeze their way 
through openiiig.s and canals narrower 
than themselves without undergoing 
any permanent change of shape. 

When we lose blood, and we must 
remember that one-lhirtecnth of the 
weight of our Ixxly consists of blood, 
though the proportion in a new-born 
baby is only one-nineteenth, nature 
at once begins to make up for the loss. 
First of all the fluid parts of the blood 
are made up so that the total volume 


Haemoglobin has the fKiwcr of uniting 
w'illi considerable quantities of oxygen 
gas. and it thus gives the rod corptisdes 
their useful power of acting as the 
carriers of oxygen from the lungs to 
the tissue.s in ail parts of the body. 

The haemoglobin or colouring matter 
of the red corpuscles forms crystals, 
and the.se vary in .shajie according to 
the animal from which the blood is 
taken. In man they have the shape of 
prisms. H icinoglobin from human 
blood crystallises less easily than that 
from the blood of other animals. 


mixed up with the fibrin as they do in 
a clot. When the fibrin is washed in 
water it is found to consist of a white, 
stringy, elastic substance. Heat hastens 
clotting, and cold retards it. 

Of the pumping of the blood through 
the body and the wonderful machinery 
that does this work we read in another 
part of this book, but next time we 
prick our finger and see the red blood, 
let us remember what a very mar- 
vellous sub.stance it is and how our 
life and health and happiness aH de|>end 
at»olately upon it. 


A GREAT BATTLE IN THE BLOOD 



Sometimes when we have a wound, dangerous germs from outside try to enter our blood, and if they succeed we get ill. But if we are 
healthy we resist the germs. This picture shows the kind of thing that goes on when the germs try to enter. A great battle takes place. 
Little bodies in the blood, known as white corpuscles, rush to the opening to resist the germs. Generally they absorb and destroy 
them, but sometimes the germs get the upper hand, defeat the white corpuscles, and destroy them. Then they run riot in the blood 



The attack of the diMie ,enM on our bod, to very moth lite the rtt^ of on e city y fort. Thiy “ 

they ate doing in this pictuie, but the defenders hurry up to ke^ them out, and sometimes one force may win and somatuiies the other 
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THE MANY DIFFERENT SHAPES OF LEAVES 



Leaves are a very important part of a plant » for it is by means of them that it breathes and takes in carbon dioxide and oscyc^en from 
the air. Leaves vary much in form and texture. We know that a grass leaf is a long blade and a nasturtium leaf almost round. Some 
leaves present an unbroken surface, while others are indented. The different kinds of leaves are grouped according to shape, and botanists 
have given them special names. On this page we see 52 leaves, with the correct names given to their particular forms. Soms names are 
from Latin words, like Digitate, from digitus, meaning a finger. Others have formidable names like Quinouangular, which means hiving 
five angles. The separate parts of divided leaves, though looking like individual leaves, are only leanets or parts of the one leaf 
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THE ZEBRA OF THE AFRICAN PLAINS 



The zebra, ot wiiicn there are several species, varying in their striping, is a South African animal, and though one species, known as 
the quagga, became extinct in 1875, other zebras are still quite plentiful. These animals, doss relations of the horse and the ass, are 
dwellers in the open plains, and they are often found in large numbers associating at water holes with the gnu, as seen here 





The zebra is a very striking animal, and men of science are not quite sure why nature has given it stripes, for, unlike the tiger, it does 
not live among the tall grasses where its stripes would look like shadows in the sun, and so conceal its presence. A few zebras have 
been broken to harness, but the animal has never been bred for domestic uses. Perhaps it might become as useful as the horse 


125 



AN AMAZING FLAME 350,000 MILES LONG 




Here is one of the most wonderful photographs ever taken. It shows the Sun during a total eclipse, but the marvellous feature of it 
is the white object, something like an ant-eater in shape, at the top left-hand. Because of its shape astronomers call this the Ant- 
eater Prominence.” It is really an inconceivably enormous crimson flame shot up from the Sun's surface at a speed of thousands of 
miles a minute. The flame when first seen, as in this photograph, was 350,000 miles from end to end--«n “ ant-eater ” which, as Sir 
James Jeans has md, could gulp down the whole Earth like a pill. The moment after this photograph was taken the flame ma^e a gmt 
leap to a height of 475,000 miles. It is an amazing thought that astronomers watching gigantic flames of this kind sometimes see tSiem 
travel at the rate of 8,000 miles a minute. The photograph is published by courtesy of the Royal Astronomical Society 
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Wonders of the Sky 



THE GLOWING BALL OF FIRE IN THE SKY 

It is hardly surprising that in past ages, when knowledge was dim, men worshipped the Sun. believing 
it to be a god. They realised tkat they received light and warmth from its genial rays, and knew that in some 
way they depended for their lives and hea'th upon its continued shining. In these days we know that the Sun is 
not a god, although we are dependent upon it for our existence. Let us see what the Sun really is. 


H £KI£ we read many surprising 
facts about the Sun. 'I'lit* Sun 
is a ball of fire, but not fire 
as we understand it, for then? 
is no burning going on, that is, no 
chemical combination between oxygen 
and other elements. Everything in 
the Sun is too hot to burn in our 
familiar scmisc of the word. Men of 
science tell us that the temperature 
of the Sun at its surface is about 7,000 
degrees Centigrade, or 12.000 degrees 
Fahrenheit. Tlie highest temperature 
we can obtain artificially on the F-arth 
is that of the electric 
arc, about 4,000 degrees 

IS only that 
the Sun’s surface. 
down the temperature 

Sir Arthur FAldington, 
tlie famous Cambridge 
scicMitist, believes that 
at the centre it is as 
high as 55 million de 
grvrs Centigrade. 


keep its heat to itself, hut pours it out 
in all directions. But of this h(?.ii Die 
Earth receives only about one 2,200 
millionth. Altogethc»r in the solar sys- 
tem it is reckoned that about (Sne 
hundred millionth of the heat radiated 
by the Sun is caught by the planets. 

Li't us see if we can get some idea 
of the enormous power of the Sun’s 
heat. Supposing that the Sun’s sur- 
face were frozen over to a depth of 45 
feet, the heat it gives out would melt 
this frozen shell in one minute. If a 
bridge of ice whose section was just 








InconcelvKbl, H«at 

Of course it is im- 
possible for us to con 
ceive any such heat 
but Sir James Je£iris 
tries to help us by 
(‘xplaining that to 
maintain a pinhead of 
matter at such a tem- 
perature would need alt 
the energy generated 
bv an engine of 3,000 
million million horse- 
poxyer, an I then the 
pinhead would emit 
eiKiiigh heat to kill 
a n y one w i t h i n a 
thousand miles of it. 

With so much heat 
the state of matter in 
the Sun is very differ- 
ent from what it is on 
our Earth. It is all in 
a gaseous condition. 
dl though the etiormou’i 
pressure towards the 
centre must cause it to 
be very dense. The 
heat is 'so terrific that 
chemical compounds 
cannot exist, and even 
tlie atoms of the ele- 
ments are in many 
ca-ses broken up. 

The Sun does not 




over two inile.s .square could be formed 
reaching from the Earth to the Sun. 
and if all the Sun’s radiated heat could 
be concentrated upon this, it would 
melt into water in a single second and 
in seven seconds would disaj^pear as 
vapour. 

'riie reason we are not burnt up by 
the Sun's terrific heat i.s that we arc so 
far away, about y2,9t»o,ooo miles. The 
e.xact distance cannot be measured 
within about 100.000 miles. A train, 
running at 60 miles an hour without 
any stop, would take 175 years to 
reach the Sun, and the 

I fare, at 1 id. a mile. 

would be nearly 
jTfxKi.otX). A cyclist 
travelling at the rat** 
of 100 miles a day with- 
out fi stop would take 
about 2,350 years to 
reach the Sun, so that 
if he had started in the 
first vear of the Chris- 
tian lira he would .still 
have travelled oiilv 
about threc-ciuarters of 
the distance. The light 
from the Sun reaches 
us in 499 seconds. 


Wi-*' ' ' t 
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A Dhotoeraph o( the Sun showing two series of sunspots, ^h dark spot w a 
hurricane of fire big enough to swallow up the Earth seeer^ 

MMn^ orbit, which is nwly half a miUion mU« across, has been drawn on 
^eSirn to the same scale. It will be noticed that the Sun’s surface is l«« 
bright at the edges. This is because we see the edges through a greater 
of the Sun’s fiery atmosphere, which, as a consequence, cuts off 
brilliance Below are the planets drawn to the same scale as the Sun s photo- 
bnllianw^^^ They could all be packed into the Sun many times over 


A Giant Indeed 

Compared with the 
Earth the Sun is in- 
deed a giant. Its dia- 
meter is 865,000 miles, 
or nearly no tirne-^ 
that of the Earth, and 
if the Earth were placed 
in the centre of the 
Sun the Moon would cir- 
cle round in its orbit fat 
iiLside the Sun’s surface. 

As to .size, 1,300,000 
Earlh.s could lie packed 
inside the Sun. and yet 
the Sun is only 333,000 
times th«; weiglit or 
mass of the Earth. 
This is because, being 
so hot, its average 
density is much less 
than Ihe Earth’s. The 
Earth is about si times 
the weight of a ball of 
water of the same size, 
but the Sun is les.s than 
xi times the weight of 
a sphere of water its 
size. That is, the Sun’s 
density is less than li 
times that of water; 
the Earth’s is 5i times. 


WONDERS OF THE SKY 


Hilt altlion^h its matlcT is Jess dense 
tliaii the its great size makes 

the Sun’s gravitation very pow<*rful 
If a man could be sucl^^ily trans- 
ported to the Sun’s surface cliid live, 
lie woukl weigh about two tons, ami 
his feet would 1 h‘ so heavy that he wi uld 
be <|uite unable to lift them and waJk. 

A hundred years ago it would have 
seemed impossible that we could iver 
actually know what the Sun was niaio 
ol. Hut a marvellous instrumcuit 
called the spectrosr-ope, of which we 
read in other parts of this book, ha< 
revealed to us that tlu* Sun is made ol 
the same materials as our Karth. 

Elements found in Sun and Earth 

About forty of the elements found 
on the h'.arth have been discovered in 
the Sun, nearly all of which are metals, 
including silver, iron, zinc, lead, tin, 
aiuininiuin and calcium 'I'he gas 
helium, which is so useful lor filling 
airships because it is not inflammable 
like hydrogen, and is yet very light, 
was iliscovered in the Sun before it 
was fmind on the Earth. 

The Sun turns round on its axis in 
rather more than 23 days, but, curiouslv 
enough, all its surface does not travel 
round at tlie same rate. Tlie equator 
rotates in less time than the parts on 
either side of it. 'riiis is because the 
Sun is not a s<»lid but a gaseous body 
We know the Sun rotates, because \\e 
i,an see large dark spots on its surface 
travel right aeross, disappear, and then 
lat<‘r on reajjpear on the other side 


appears mottled or granulated, as 
though made up of small luminous 
masses with darker openings between. 
IJecauso of their appearance, they arc 
often called the '* rice grains.” 

Their nature is something of a 
pu/./.le to scientists, but it is jjenerally 
believed that the photosphere is a sheet 
of clouds floating in a less luminous 



Part of the Sun's disc with the Earth and 
Moon all drawn to the same scale 


atiiiosphcre. just as clouds of water 
vapour float in the Earth’s atmo.sj>here. 
Professor ATuing says the photosphere 
is intensely brilliant for the same riMson 
that the inantle of a gas burner out- 
shines the flame which heats it. 


total eclipse. It is not evenly distri- 
buted like an atmosphere, but has 
streamers reaching out at various 
parts to a distance of se^x•ral million 
miles. 

'Flic spectroscope tells us that the 
corona is due j)artly to the presence of 
incandescent gases and partly to 
reflected sunlight. There is believed to 
be some kiiul of dust or fog mixed with 
the gas, which is possibly of meteoric 
origin. Very little, however, is known 
about the corona, for it can only he 
studied during a total eclipse, and 
such eclip.ses occur so rarely that the 
corona has been examined only for 
a few hours in the whole history of 
astronomy. 

The Power of Sunlight 

As to the light reccMved by us from 
the Sun. it is about boo, 000 times that 
received from the Moon and 7,000 
million times that of Sirius, the 
brightest of the stars, A good deal of 
the Sun's light is alxsorlied by our 
at mo.spliere, but its light is .said by 
scientists to be ho.ooo tiiiU'S as bright 
as a standard candle placeil at a dis- 
tance of one yard. The brightest 
light on earth is the electric, arc light, 
but this is only about one-third as 
bright as the Sun. 

If all this radiant energy received by 
the. ICarth from the Sun were to be 
transformed into mechanical cMiergy, it 
would amount to three lior.sepmver lor 
every .sipiare yard expo.sed perpendicu- 
larly to the Sun's rays. Hut only a very 



The Sun pours out vast quantities of heat in all directions, but only about one 2200 millionth of this reaches the Earth. Yet it 
is sufficient to bring life and health to man, animals and plants, and is directly or indirectly responsible for all the work 
done in the world When we use coal in our fires and furnaces we are only using solar energy received millions of years ago 


Wc read about the marv'cl of tlicse 
spots in another part of Ihi.s book. 

Men of science, in describing the Sun 
.IS seen through a telesco]»e, sj»eak of 
its ])hotosphtTe, which means ” light 
sphere,” its chromosphere, whii h means 
“ colour .sphere,” and its corona, or 
crown. 

The photosphere is the visible sur- 
face of the Sun, and when ])hologiaphcd 
by moans of the light of certain ele- 
ments, such as calcium, the surface 


'Fhe chromo-sphere is an outer layer 
of gas like an atmosphere, surrounding 
the Sun. and is 5,000 miles or more in 
depth. Wc can only see the chromo- 
.sphere during a total eclipse of the 
Sun, or through a delicate spectro- 
scope. Thi.s chromosphere is made up 
chiefly of the gases hydrogen, helium 
and calcium. 

The corona is a lieaulifiil halo of 
pearly-white colour which surrounds 
the Sun and is visible only during a 


small part of it can be used directly for 
doing work. Indirectly, of course, all 
the work wc and the animals and the 
plants do is due to the Sun. I'he coal 
wc use to drive our ships and trains 
and work the machinery in our factories 
is only the stored-up energy of the Sun 
being used millions of years after it was 
received by the Earth. The amount of 
energy received from the Sun varies a 
good deal with weather conditions, as 
our atmosphere absorbs much of it. 
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***-it*^ ^ ‘* utrwwformed intp milk, which is drawn from the cow bjr the milkmaid, £id supDlie/hiiman^l>einra"ill!^^’r*'‘j 

milk helps to build up their bodies. The ray of sunUght is thus stitt d^ng its goodWoT ^ 

strength to the muscles so that a man can work and gather in the corn and^ass which wiU form fiwd fw*Inm^d teVst**”* 
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HOW YOU MAY RECOGNISE THE GROUPS OF STARS 
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Everyone should be able to recognise the chief constellations or groups of stars in the sky. For thousands of years men have looked up 
at the stars and seen them twinkling, and even before history came to be written, shepherds and others linked together certain stars and 
fancied they represented animals such as the bear, the goat, the lion, and the crab. It is difficult to see any resemblance to these creatures 
in the groups of stars to<day, but we still refer to the constellations by their old names, and each of us should be able to recogni^ these 
as we look up into the sky. Here we see the chief stars, visible to the naked eye looking directly north at midnight in the middle of 
January. The sky will have the same aspect as this in the middle of February at lo o'clock and in the middle of March at 8 o'clock 
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Here we are looking directly south at midnight in the middle of January. Perhi^s the easiest constellation to recognise is Orion, with 
the belt of three stars in a line. Having located this, we shall be able to recognise the other groim. In both these pictures the names 
of the constellations are given in capital letters, and the names of special stars in small letters. The Pleiades are a cluster 'of stars in 
the constellation of the Bull. This picture serves also for the middle of February at to o'clock and the middle of March at 8 o'clock 








Romance oF British History 



A MINSTREL FINDS A CAPTIVE KING 

There is no more romantic story in all history than that of King Richard the Lion-hearted and his friend 
Blondel the minstrel. It was Blondcl who found the King’s secret prison away in a distant land and then 
hastened to England to tell the news, so that Richard might be ransomed. It is a thrilling tale of the 
stirring days of long ago, and is retold in these pages. 


T iiKRK is no cloiibt that !Rii.]icird 
the Li(m-He:irle<l was a very 
brave man. and the greatest 
warrior of his lini(\ Tlie old story 
that h(^ obtained the name of " Taon*s 
Heart *’ because, while on a Crusade, 
he liad tf)rn the lieart out of a living 
lion is only a legend, but all his liie 
Kiihard, although generally siilteiiiig 
from ill-health, was absolutely tearless 
and never hesitated to rush into tlie 
fight against overw I u'l tiling odds. 

ITe was a soldier from his childhood. 
I'ighting was the br«*alh oj his life,*’ 
an old tlirouie ler tells ns. “ ITe was 
Jill ions to rush to amis.*' When there 
were no wars — and such times were 
fate in I^ichard's elays- -he; would go 
hunting the lu'ar. Wlien he was on his 
wav to the Holy T.and lo win back 
jenisali'in iiom the iMoslem, he called 
al Sicily and, basing ejuarrelled with 
'laiicieei, the King ot that island, 
sei/tsl a c.islle ainl < ailing t<» his men 
Joi those “ w’hose hearts were not in 
their slaies ” att.aked th<* U>\Mi ami 
took it, “ quicker than a prie.st 
wouhl chant Matins.*’ 

It is inliut 'Sling lo know’ that 
during his voyage to I Palestine, 
Kirhatd sank a Saiac.en vessel 
loailed with nmnilions by using 
w hat I he old chronicler de.scribes 
as “bolth's of Cieek fire and 
either ilangerous machines of 
(lest met ion.” 

A Fierce Swordsman 

When lie went to the rescue 
(»1 J.itia which was being at- 
tacki'd by Saladin, the Saracen 
leader, lie leaped into the sea 
from his ship with his crossbinv 
?n Ins hand and only part i^t his 
armour on, and with a few daring 
followers routed the besiegers 
and seized I heir temts. The 
Saracen made a cijuuter-attack 
at iiiglit but T^ichard beat it oil 
with only ton mounted knights, 
some of whom were unarmed. 

So fiercely did ht^ slash with 
his sw'ord when he went into 
batth' that for years alter lie 
left Palestine Saracen mothers 
used to frighten their crying 
children by saying " Richard is 
coining,** just as more than six 
centuries later English inotliers 
scared their bad children by 
telling them that '* ITony ** was 
coming, meaning Napoleon 
Bonai>arte. 

An interesting incident hap- 
pened at the time of tlic battle 


of Jidfa. Saladin asked wher<‘ the King 
of ICngland was. Some of his ofheers 
answ ('Ted, “ Sire, .si^i* him yonder on 
the ground on fool with his men.** 

" Ihwv.” said Saladin. “ is the King 
oil fool among his men ; is he not 
asiiained ? ** 

Then Saladin sent Richard a horse 
and chargeil tlie messenger to say that 
sucJi a one as ho should not bo on foot 
among his men in such danger. The 
Sarac en messenger pi'rformi'd the com- 
mands of his lord. lTt‘ came to King 
Ri( liard and jiresented tin* horse sent 
by S.iladm. Richard thanked him for 
it and orderi'd one ol his own olheors to 
mount it, and slviw its prices before 
him. After the officer had spurred tlie 
horse into a gallop and wished to 
ndiirn towards Richard, he found lie 
c(»uld not do so lor the horse, in sjiite 
of all his effort s, I'anied tln' Chris! ian 
warrior away to th(‘ Saracen host. 
Sa.adiii, we* are lold, “was mm h 
ashamed ot this.** It was truly an un- 
lort'.mate end to a generous action. 


Tliero are wonderful stories told of 
how Richard slashing with liis sw'ord 
ciil off the heads of many Saracens, and 
once with one blow' cut an Rmir in two. 
ICven when he was so ill that most 
coinmaiuh'rs w'oiild liave retired and 
goiU! to bed lie had himselt carried 
into battle on a silver litter, propped 
up on silken cushions, and not only 
diri’Cted the attacks ot his crossbow'- 
men, but used a crossbow' hiinsidf with 
deadly effect. 

Hut Richard was somelliing more 
than a brave w'arri(»r. and a great 
coniinander. Ho was a j)oet. He lovctl 
lo associate with the Iroiibadcmrs of 
the day, and songs have come down to 
ns said to liave been composed by 
Richard himself. He- could not write, 
but he knew Latin rpiite well. He 
never learnt to speak English, his usual 
language being a Ereiich dialect It is 
a strange thing that lie w'as so popular 
among tlie English, for he had very little 
interest in England, rarely vi.sitcd it, 
and indeed only looked uiioii the 
country and the pcojilc as use- 
ful for i}roviding funds for liis 
various en t crpriscs. 

Throughout his life of 42 
years, Richard spent less than a 
twelve- moil til in his English 
dominions. He loved glory ami 
finery, and when he was married 
lo Eercngaria of Navarre, after 
whom, by the wav, the famous 
Atlantic liner is named, we are 
told llial he wore a rose-coloured 
satin tunic with a cloak of 
striped silver tissue, a scarlet 
boiiTiet brocaded with gold, and 
that I he hilt of his sword, and 
his baldrick or bell, were cov- 
ered with jewels. "V^cn he led 
his Heel of 200 ships lo the 
ICasl, he had his own galley. 
The Trenchmor, painted red 
wit! I a great lantern hung at 
the poop as a signal at night 
for the other ships. 

A *rwo-Sided Character 

Richard, however, had an- 
other side to his character, which 
we must not forget. He could 
be very cruel. Wlien the city of 
Acre in l^ilestine W'as sur- 
rendered to him by the Saracens, 
he held a number of the enemy 
warriors as liostiiges for the pay- 
ment of a large ransom, and 
when after a monlli, during 
which he repaired the walls 
and put the city in a fit con- 
dition to stand a siege, the 
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ransom 'v;ts not forthcoming, he be- 
headed ;!,7uo of the prisoners in sight 
of the enemy. 

At Cyprus, wtiich was nile<l by a 
y)ririce wlio ciilh-d himself the Kmperor 
Isaac, f!»ose of Huhard’s men who 
landed first were yihimh^cd and badly 
treate*! !)y the people <if the island. 
Richard was furious, especially as the 
people had declared that the Knglish 
I tad tails, so he landed his army, de- 
feated the (ireeks, and captured the 
Einperf»r. lie had sworn that he would 
not ])ut Isaa.c in irons, but the unfor- 
tunate Em]ieror was not much better off 
wdien Richard loaded him with silver 
chains. 

Of course, the Italian historian 
who describe'! Richard as “ a bad 
son, a bad brother, a bad husband, 
and a bail king ” is exaggerating 
' 1 ‘herc is some truth in what he 
says, but we imisl remember that 
the lioii-hearU d king lived in a half 
savage age, and we must never 
judge the people of tliose days by 
oiir standards ot to-day On some 
occasiuiLs, Jis in his treatment ol 
his brotlier John, who had proved 
disloyal and unfaithlul, lie could 
be generous, and he was often 
good ill lending ships and money 
to Ills allies the Krem'.h 

London lor Sale 

He was erithnsuistic.dly religious 
m the ^fii<*ei way that religion 
was practised in the Middle 
Ages, lie burned to becoim^ the 
champion of the h'aith who should 
deliver the Holy Land Irom the 
infidel, as the Saracen was called, 
and 111 order to finance the 
necessary army and (leet he stopped 
at nothing to raise the funds re- 
el Hired 

Offices both spiritual and seculai 
were soUl to the highest bidder 1 lis 
half-brother, Geotlrey, for instance, 

f iaid him foi the Arch- 

lishopric of York, and it is said 
that Ricliarrl declared ha would ^ 
sell London itself it he could find 
cl purchaser. 

So pious was he as a Crusadet 
that when he found he would not 
Ik- able to capture Jerusalem he 
rode as tar as Kintnaus, and stand- 
ing on a s]>ot from whence the 
towers of Jerusalem could be seen, 
he held his shield belore his eyes 
.so as to sJiut out the view of the 


and another wiis the Holy Roman 
Emperor, Herirv the Sixtli, who was 
very angry at Richard's behaviour in 
Sicily fhe Duke ol Austria's banner 
he h.iil thrown down at the taking of 
Acre on his way to the Holy Land, but, 
worse still, at Ascalon he had kicked 
the duke. 

Richard had helped his men work on 
tlie repairing of the walls of that city, 
and he wanted the duke to assist also, 
but l^^opold repli(*d that he was not a* 
carpenter or a mason and this made 
Richard so angry that he gave tlic duke 
a good hard kick No wonder, there- 
fore. that lA'Opold, btill smarting from 
the insult, was thirsting for revenge 



Blondel began to play the air of the song 


wisely, for he spent so much money that 
rumours spread as to w'lu> he really was 
ICventually. with only a single page, 
William Marsh, he reached Vienna He 
was ill great cl'inger, for Duke Leopold, 
having heard that Richard was in his 
country, had spies looking out for him. 
At lest, believing that he was dis- 
covered, Richard put on the dress of a 
scullion, and set to work in the kitchen 
of an inn, turning the capons that wore 
roasting before the fire A spy, how- 
ever, recognised him. and went and told 
the diiko, and thereupon ia^upoid sent 
many knights and soldiers to sei/o the 
King lie was captured and carried 
away to a fortress 

Another account says that it was 
William Maish who was suspected, 
and thaf he was seized and i airiecl 
belore the Duke of Austria who 
made him tell him where liismastt^r 
w;is, and that Richard was taken 
prisoner while lie slept 

Ro(u Richard was now placed 
in the Castle of Diji ienstcin on tlie 
Danube, and a chronicler .say.s, 
“ Though his feet wore not fet- 
ierod, yet the filthy giiard.s. lhi*ir 
smell, dirt and conversation, weio 
wor.se than a den of beasts ” 

Requiting a Kindness 

'J'he old records fell us that 
Richard’s friends at home did nol 
know where he was ft happened, 
however, (hat the King had been 
kind to a minstrel, a native of 
Artois, whose name wa.s Hlondel 
'I'his man, as soon as he heard 
that the King was missing, do- 
P cliui*d that lie would .seek him 
I over the whole earth till lui found 
him He ther(*iipon set out and 
waiideretl about day after day by 
la id and water, until he had be(*n 
h.inling tor a year and a half 
without hearing anything at all of 
the missing king 

At last he entered Au.stria, and 
chance led him straight to the 
ca.stle where the king was confined 
Near the building Blondel saw a 
widow woman who kept an inn, 
and asked to whom the castle— 
so tine and strong and well placed 
— beJi^nged. The woman replied 
that it belonged to the Duke of 
Austria. 

“ Pretty ho.stess,” said Blondel, 
is there any prisoner confined in 
it ? " 


Holy City because, he .saiil, he was un- 
willing to lcx)k on .so sacred a cily which 
he could not re.sciie. Then he went off 
and captun.sl a caravan of rich mer- 
chandise coining from Egypt 

Richard perhirmed many exploits ot 
valour in tJie JCast, but the jealousies 
and failures of his allies prevented him 
bringing the campaign to a brilliant 
end, and with bad health and news 
from Englaiif] that John was plotting 
against him. he decided to return home. 

But he had made many enemies, and 
the iourncy from I’alestiiie to England 
he knew would be perilous. One of 
his foes was Duke L(x)pold of Austria. 


Embarking on a ship for tlic return 
journey, Richard wa.s very unlucky, 
for the ve.ssel encountered terrible? 
storms, and it took him a month to 
reach Corfu Then, knowing that he 
had enemies in Sicily and France, he 
changed his vessel and sailed up the 
Adriatic in disguise, intending to make 
the rest of the journey acro.ss ICurope 
by land. But the ship was wrecked 
Jtichard, however, managed to reiicli 
land, and with a few servants started 
off He had let his hair cand beard 
grow very long anti was wearing the 
clothes of a peJLsant of the country, but 
he does not seem to have acted very 


“ Certainly," said^the woman. " there 
IS one who has l>een confined nearly 
four years, but we do not know who he 
is. They guard him very carefully, but 
wc have no doubt that he is a gentle- 
man and somebody of high quality.** 
When Blondel heard this he was de- 
lighted. and we arc told that his heart 
whispered to him fliat at length he had 
found him whom he sought. He was 
careful, however, not to give any cause 
for suspicion to the hostess. That night 
Blondel slept soundly, for now his mind, 
which had been so long troubled, 
was at rest, and the next /morning, 
when the cock’s crow announced 
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the coming uf day, he arose and 
went to a church near by and prayed 
for assistance. 

He then went to the castle and ap* 
proacl^ed the keeper, telling him that 
he was a minstrel and played upon the 
lute, and that he would like to remain 
there for some time and play to him, if 
the keeper were agreeable. The keeper, 
who was a young and handsome knight, 
said he would be glad to engage Hloiidcl 


friends there where he was confined 
and how he had found him. Richard’s 
friends were greatly delighted at this 
news, for they loved the King as a 
brave knight, and they determined 
among themselves that they would 
send to Austria to the duke and seek 
to obtain the deliverance of the King. 
JCxactly how much of this story is 
true it is dilhcult to say now, but it is 
a very old one, and dates back to 


and with a good deal of difficulty this 
huge sum, for those days, was rais(;d in 
various parts of Richard’s dominions, 
some in England, some in Normandy, 
some in Anjou, and some in Aquitaine. 
It is recorded that Caen gave more than 
London, and that Richard’s brother 
John, who would hav(‘ liked to have 
seen the English King remain a prisoner 
in Germany, stole the money collected 
on his own lands for Richard’s ransom. 


as one of his retainers. 'J'hc minstrel 
was delighted and went back to the inn 
to fetch his lute and his wallet 

During the next week or so ho did 
all he jKxssibly could to please the 
CiLstle keeper, and became a great 
fjivoiirite in his household. Me re- 
main e.'d there all the winter, but was 
unable to di.scover who the notable 
prisoiKT was. 

At last, near the festival of Easter, 
as he wa.s on<‘ clay walking in the garden 
which surrounded the ciistk;, looking 
in all directions in the ho])e of seeing 
the pri.soner, a strange thing happened. 
I'he King, who was confined 
in a tower, looking out of 
the small barred window, 
suddenly saw and rcjcog- 
niscsl Idoudel. Of Course he 
w i s h e d to make himself 
known to the minstrel. 

The King Sings 

Tt wa.s too risky to call 
out, I) n t remembering a 
song which they had made 
together, and which, in 
tho.se parts, no one but the 
King and Illondel knew, I 
Richard began to sing the | 
first versts of it in a loud 
and clear voice. Blondcl’s 
heart gave a leap. Me knew 
that it was his friend, and 
he went .straight from the 
garden to the chamber in 
which he had left his lute. 

Then he w<»nl back to the 
spot and began to play the 
air of the song. Each recog- 
nised the other, and it was 
now known where Richard was confined. 

Hlondel remained at the castle till 
Whitsun, and was so careful in his 
behaviour that no one suspected that 
he had discovered the great secret. 
Then, going to the keeper of the castle, 
the minstrel .said : 


Richard’s time. 

The ICmpcror Henry, iis soon as he 
had learned of the King’s capture, 
had sent word to Philip of hViince, 
and he had forwarded the news to 
John in England. Richard and I’hilip, 
King of Kranc(*, who had accompaniccl 
the ICnglish monarch to the Holy Land, 
were su])po.se(l to bt^ very close friends, 
anti as a pr(H)f of this the historian 
tells us that they ate from the same plate 
and slept in the same IhhI. Another 
historian, however, modifies this story 
of very close friendship by telling us 
that they merely ate at the same table 



Richard generously ordered the brave youth to be released 


and slept in the same room. But 
Philip had always been jealous of the 
King of England, and now he and the 
Em|x;ror and John conspired to keep 
the secret of Kichtird's capture for 
some lime. But when the news was 
known to Richard's friends they at 


It was another year, however, before 
the King was .set free, but at last, on 
March '2oih, 1104. after he had been 
absent from his kingdom for over four 
years, he landed in England, and, going 
to f-ondon, was received at St. Paul's 
Cathedral with great joy and with 
solemn proccjssions. 

Richard lived for another five years, 
but he became more cruel as he got 
older, ami he was very annoyed when 
ho was given the nickname of “ the fat 
man from Poicliers,” Ik: having put 
on a good deal of flesh. 

Mis last act, however, is to his 
creclit. Me was besieging 
the castle of Chaluz, when 
he was struck by a poi.soned 
arrow shot from the walls. 
Fever set in. and very soon 
it became clear that the 
King would die. When the 
castle was taken the iirchcr 
who had shot the fatal 
arrow, a young man named 
De Gurdon, was brought 
before Irichard. 

A Generous Deed 

*■ What was your griev- 
ance ? ” a.sked the dying 
King. 

** You have killed my 
father and brother,” re- 
plied the archer, ** and T 
hope that 1 have killed 
you.” 

Richard showed no re- 
sentment, but generously 
ordered the youth to he 
leased released. His followers, 

however, took the young 
man away and killed him. 

It was a rough age in which Richard 
lived, and there were few, if any, men 
of power who were not cruel at times. 
As we have already said, we must not 
judge them by our own standards, 
and among those who lived at the s*ime 


” Sir, if it is agreeable to you I 
should like to return to my own country, 
for it is a long time since I left it, and 
I long to see my friends.” 

” Blondel, my good brother,” said 
the keeper, ” it you take my advice 
you will not go away, but remain here 
and I will advance your fortunes.” 

” Oh, sir,” said Blondel, ” I cannot 
remain on any account.” And when 
the keeper found he was unable to 
detain the minstrel he bade him farc- 


once sent off two messengers to Ger- 
many. Some say these were knights, 
and others that they were abbots. 

Meanwhile, the PZmperor lioiight the 
prisoner from l-«opold of Austria, 
but Richard’s mother wrote to the 
l^opc. who threatened Henry with 
excommunication. It was regarded 
as a great outrage that tVie Holy 
Roman Emperor should hold as a 
prisoner the brave warrior who had 
done so much to win the Holy Lcind 


period Richard certainly holds a high 
place for bravery and even for 
generosity. 

Tic wa-s undoubtedly a great leader 
of men, and all the knights and soldiers 
who fought under him loved him, while, 
as we have seen, his enemies respected 
and feared him. He was quick to 
realise at a glance the moral qualities 
of a man, and it was said of him *' that 
no one who was a coward or whose 
conscience accused him could bear to 


well and presented him witli a good 
horse so tnat he might travel quickly 
and comfortably. 

Blondel, the story says, travelled so 
rapidly that Ijefore very long he reached 
England and informed the King's 


from the infidel. 

The messengers from England found 
Richard, who was now confined near 
Speyer, and after some negotiations 
the Emperor fixed his ran.som at 
£100,000. The messengers returned. 


be with him.” lie made up his mind 
quickly when decisions had to be taken, 
but sometimes his love of money made 
him hesitate, and an old writer has, on 
this account, given him the name of 
Richard Yea-and-Nay. 
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THE ROUND EARTH ON A FLAT WALL 



It is quite impossible to portray accurately on a flat surface an outline from a round globe, and therefore none of the maps in our 
atlases can possibly be correct. But we cannot carry about with us round globes representing the Earth, nor when we want a small 
part of the Earth’s surface represented in large detail, as for example, an English county, can we conveniently use a globe large enough 
for our purpose. We therefore have to do the best we can and show the Earth or part of its surface as iff it were flat, just as these 
boys have done by drawing the world on the wall off their playground. The making of maps is a great science, and all sorts oidevices 
have been adopted to get as near accuracy as possible. We read about some of these on the opposite page and elsewhere in this book 
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WHY FLAT MAPS ARE NOT ACCURATE 

The story of maps and how they have come to be made is a great romance. All kinds of scientific men 
have to get to work before we can have anything like a reasonably accurate map of a country, or even part 
of a country. Surveyors and mathematicians and physicists and opticians all get busy before the cartographer, 
as a map-maker is called, can draw a picture of the country on paper ready for our atlases. Here are some 
very interesting facts which we should know about maps and map-making 


W E have many atlases and many 
maps, some showing the world 
as a whoK*. some specilic coun- 
tries, and some smaller areas, and very 
useful these art'. Hy looking at them 
we are able to see the relation of one 
placx^ to another ; to notice that a 
ct'i'tain town is north-west of another 
town, and south-east of a third town ; 
that one city stands on the right bank 
of a riv(;r and anotlier on the left bank ; 
that one rivtT rims north and south aii<l 
is fairly straight, while another runs 
oast and wc'st and curls about like' a 
serpent. We can see. too, from the 
map, the outline of a coast, the position 
<if the bays and gulfs an<l capes, and 
all this helps ns to get an i«lea of what a 
<ountry is like which would be impos- 
sible il we had no mii]> 


other side. But wliilc the ]>ictiires 
would give us a very good itiea of w hat 
the F.arth looki'd like from sjiace, they 
would be of little use as maps, lor we 
should sj'e the sides ol the globe in per- 
spective, and so the shapes of the 
countric's would lie lost 

Something That Is Impossible 

A rej>reseiitatioii of the ICarth made 
in this way would givi* us an itiea of the 
continents anti seas only in that part 
whieh was imnietliatoly in front of the 
camera. All other features would 
recede and dwindle in pers))ect ive. 
A map of the worUl m.ide in this way 
would be of very little use. 

The difficulty in muking maps is, 
of course, that it is absolutely impos- 
sible to represent exactly a curved 


sizes, and no one wdio wants to get an 
idea of the Barth on which he lives 
should be without, at any rale, a small 
globe. 

Hut the dilliculty of liaving a map of 
the world in the form of a globe is that 
wdiile it gives a good idea of the world 
as a wliole, even the biggest countries 
on tlie largest globes are too small for 
us to study sucli details as rivers, lakes, 
mountains, cities, and so on. 

If we want to realise how diihcult it 
is to make a Hal map of any consider^ 
able part of our globe we can perform 
a little experiment. Get a cheap 
iiidiarnbber ball, one of those plain 
ones without any paint or markings. 
On It draw any rough outline. 

Now cut a good-sized square piece 
from the ball and lay it on a sheet of 


We must remember, however, that 
all maps of thi' world, and even of 
countries and large areas niii.st, of 
necessity, be incorrei t. H is tpiiti* easy 
to see wiiy Ibis is. 'fhe l^arth 
in shape something like an 
orange, that is, a ball llat- 
tened slightly at the poles. 


An Orange Experiment 

Now' it is<|uite impossible 
to see the W'hole surface of 
the orange at one time 
exactly as it is. We can, of 
course, look at the orange 
first on one side and then on 
tlic other side, and if we 
w'ant to represent it on 
paper we can pliotograph 
the tw'o sides and place them 
side by side as we have done 
111 the picture on this p ige. 

On the other lianil, we can 
tfikea penknife and, dividing 
the whole of the orange peel 
into lozenge-shaped sections, 
spread this out as also shown 
on this page. The pt'ci of 
the orange is soft and elast ic , 
and so when we have re- 
moved it from the orange 
w’e can spread it out and 
press it down fairly Hat. 

Now the Earth is like the 
orangX;. If we could go 
away some* thousands of 
miles into space, taking a 
camera with us, we could 
photograph one side of the 
Earth, and then, when it 
had turned round on its axis, 
we could photograph the 


surface on a Hat sheet 'file best map 
of the world is, of course, that foiirifi on 
a ten est rial globe. Such a globe can 
be obtained quite cheaply, and in all 



paper. It is, of course, humped uf) in 
the centre. Thit riiliber, being clastic, 
can be ju'essed and stn* 1 ehc(l, and w'e 
can make tlie piece of the ball lie flat 
on the slieet of paper by 
stre telling the edgt»s. It is 
a good plan to pin each 
angle down with a drawing 
pin as we stretch it. In this 
way the round piece of bull 
is made into a Hat surface. 


1 

J 


One way of representing an orange on a Hat sheet is to show the 
two sides in perspective as here 




Another way of showing the round surface of an orange on a Hat 
sheet is to cut the peel into many segments and lay them out Hat 


Distorting an Outline 

But as we see W'heii we 
look at the outline which we 
drew, this has become dis- 
torted. If before we press 
the skin out Hat we mark 
two points on the side of llic 
scpiari^ half an inch a]>art, 
we shall find that the.se 
points are now considerably 
more than Ihalf an inch 
apart ; while anotlier two 
points near the middle of 
the square would be almost 
ill the same position as tliey 
were when on the ball. 

Not only are the points 
marked on the side of the 
square farther a]xirt from 
one another, but they arc 
also larther apart from the 
centre of the square. 

'Phe whole outline wliich 
we drew lias become dis- 
torted, and so, although wi* 
have a flat map in place of 
a curved one, scarcely any- 
thing is really in its true 
position ill relation to the 
other parts. 
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WONDERS OF LAND AND WATER 



The Eastern Hemisphere in three ways : on the leit is the Stereographic Projection, in the centre the Orthographic, and on the right the Globular 


\Vf can si*c hy this little cxpcriniciit 
how difliciilt it is for those men wlio 
want to make maps of the Earth’s 
surface to do so. \Ve can spread out 
lli<; piece of rubber ball Hat by stretch* 
ing its corners and sides, but of course 
the Earth is rigid, and in any case we 
cannot stretch out the Jiarth itself as 
we can the ball. 

What, then, are we to do ? Wc must 
have maps, and we must have them as 
accurate as possible. Well, men have 
thought out all sorts of clever methods 
of portraying the surface of our round 
Earth on flat sheets, so that the maps 
could be hung on the walls or bound 
together in hooks. 

But in all cases there are distortions 
of some kind. Some maps are fairly 
accurate for certain parts, and very 
inaccurate for others. For instance, 
ill the beginning of our atlases we 
always find an oblong map of the 
world which is de.scribed as “ On 
Mercator’s J’rojection.'’ It is so called 
becau.se it is dnawn on a plan invented 
by a sixteenth century Flemish map- 
maker named Mercator. Tliis map is 
quite useful in giving us an idea of the 
shape; of various parts of land and sea, 
and the midille part is fairly accurate 
as to proportion ; that is, India appears 
in the right proportion to Arabia and 
North Africa, and Cuba and Haiti are 
ill the right ])ro]>ortions to Mexico. 

However, when we come to the north 


and south everything is much dis- 
torted and out of all proportion. For 
instance, Greenland is about 826,000 
s<iuare miles in extent, while Africa is 
over eleven and a quarter million 
s()uare miles; yet on the map of the 
world, drawn according to Mercator’s 
plan, Greenland appears as big as 
Africa, and Canada, which is not 
quite so big as the United States, aji- 
pears more than twice the si/.t of that 
country. 

When W'O have a map of the world 
on Mercator’s Projection, with the 
British FCmpire coloured red, we get 
an impression from this distortion of 
Canada tluat the British Empire is very 
much larger than it really is. 

On the other hand, when we look at 
a map that shows the world on some 
other projection, as, for example, what 
is known as the Slereographic lYojec* 
tion, Greenland appears less than oni:* 
twentieth of the si/e of Africa, which is 
equally absurd, if wc want to .see theun 
ill anything like their true proportions. 

It is intere.sting to tak(‘ an atlas 
which shows the world on Mercator's 
Projection and also in luunisjiheres, 
Jind then to compare the various coun- 
tries with these parts of the world as 
they appear on a terrestrial globe. We 
shall realise then the dilliculties of 
map-making. 

Of course, for small areas like th<- 
counties of ICngland, there is not very 


Eastern Hemisphere on Mercator's Projection 



A head drawn on Mercator's Projection 







fwinmi 
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The same head drawn according to the Stereographic Projection (left), the Orthographic (centre), and the Globular (right) 
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VONDERS OF LAND AND WATER 


much difficulty Here the area is so 
small m proportion to the world as a 
whole that the rotundity of the Earth’s 



Photograph of a rubber ball with a drawing 
of an island 


surface is very little, aiul so the county 
can bo depicted I with almost I rue 
accuracy on a Hat sh(;et. 

In another part of this book wc read 
of sciiue of the devices that iiicui have 
invented in order to make flat inajis. 


The story of the atlas and how it lias 
reached its present form is quite a 
romance. In the old days tht men 
who drew maps made up 
for their lack of know- 
ledge and lack of accu- 
racy by making their maps 
look very interesting and 
artistic. They always put 
a grc'at deal of decoration 
on the maps, with pictures 
of ships and animals and 
towns. The names of the 
coiintric's and other places 
were printed in letters with 
plenty of scrolls and 
tiourished. They also gave 
elaborate bortlers to their 
maps, and the colouring was 
very bright. 

Ihit considering the great 
diiticulties under which the 
early geographers and iiiap- 
makers laboured it is 
asloiiishiiig that they were 
al)le to be as accurate as they 
were. In some of the maps 
of the seventeenth century, 
and even of the century 
before, the outlines of the 
contiiHtnts and countries arc 


remarkably true. This applies to such 
parts as Africa, India and, of course 
Europe, with the Mediterranean Sea 



Part of the rubber ball laid flat showing distortion 


THE IMPORTANCE OF A PURE WATER SUPPLY 


N onp: of us can live 
without water. 
That IS why, 
when professional 
fa.sters abstain, as they 
can do, from taking food 
for forty days, more or 
less, they invariably 
hav<! to drink water 
every day. No one can 
live without water for 
more than a few days 
But quite as impor- 
tant as the water supply 
itself is the })iirity of it. 
There is little doubt 
that the great epidemics 
of ]>lague in olden times 
were largely due to the 
contaminated water 
which was drunk by the 
people. No one under- 
stood about disease 
germs in those days or 
knew that water could 
easily become danger- 
ous 

The Need tor Care 

'riie water supply of 
large towns can now be 
relied ujion. as it is 
regularly tested, filtered 
and, if necessary, chemi- 
cally purified. But in 
isolated country dis- 
tricts, where people are 
dependent upon wells 
that do not go far down, 
great care should be 
taken to see that the 
water is pure. It may 



the soil to the water. Refuse should never be left near wells and pumps* 


look j)urc and yet con- 
tain disease germs. 

The picture on this 
page shows how the 
water supply from 
surface wells is con- 
taminated through 
impurities percolating 
through the soil to the 
underground supply. 
Domestic animals, 
poultry, manure heaps 
and all such .sources of 
contamination should 
never be allowed near 
any well from which 
drinking water is drawn. 

In the Old Days 

Serious and sudden 
epidemics of disease in 
a district can usually be 
traced to pollution of 
the water supply. But 
evtm where there is no 
epidemic, ill-health may- 
be caused to individuals 
through impure water. 

In the old days there 
was an excuse, for 
people did not iincler- 
stand these matters, but 
now everyone should 
take care that no decay- 
ing matter or animal 
impurities arc allowed 
to lie near a source of 
drinking water, such as 
a surface well. 

Filtering alone does 
not remove disease 
germs from water. 


*37 


A GREAT STONE BRIDGE MADE BY WATER 



There are in different parts of the world wonderful natural bridges of rock like this one to be seen in Utah» America. It is interesting to 
know how such bridges are formed. In some past age a river with a waterfall has flowed over rock containing deep open cracks Some 
of the water has descended through a crack, and after reaching a lower level worn a passage for itself through the rock to the river below 
the falls. Gradually the passage has been made bigger, until at last it has become large enough to take all the water of the river. The 
waterfall has thus been shifted back from its original position. Gradually more and more rock has been worn away, till at last the 
only part left was a natuial bridge near the place where the fall originally went over the rocks. Indeed the fall in ancient times may 
have actually flowed over the top of this bridge. Another famous natural bridge is to be seen in Virginia 


HOW DAY AND NKJHT COME 

E vkry 2.\ hours there are two varying 
periods f)f light and <1arknes.s, anrl 
these we call day and night. VVe 
owe these clianges lo the fact that tJie 
K.irth whirls round and round on its axis, 



How half the Earth has day and half night 



A simple experiment to explain day and night 


so that in turn every part of its surface is 
lighted up by the Sun. If the Kartli kept 
still then the part turned toward the Sun 
wtuild eniov perpetual light, while the 
other side wTuiId be filunged in permanent 
darkiK'ss. 

'I'he Karth’s axis tilts. If it did not <lo so 
dav and night would always be equal in 
length. J’*ut since the axis is inclinwl the 
length of <lay and night varies from day 
to day. We can see tliis by a very simple 
exjieriinent. 

Stick a knitting iwedlc through an a]>ple 
from top to boftoni, then tilt it at an angle 
of rather more tlian degiees and move it 
round the edge of a round table with a 
light hanging in tin* centre. Keep the 
kiiittiiig-iieedle as you go round always at 
the samci angle and leaning towards the 
same side of the room. 'rhc?n you will liiid 
that the North iVile of the apple is at one 
time lc.*iining towards the light, and at 
another time leaning away from it. 
I'hese ])usitiniis represent summer and 
wintcu-. 

If you stick a pin into the apple* so that 
the liead repieseiit.s England, you will see 
that this is in the light for a longer }jeriod 
of each turn when the knitting-needle is 
leaning towards the Sun, that is, in summer, 
than when the iUH*dle is leaning away from 
the Sun, that is, in winter. That is why 
there is more claylight for us every 24 
hours til sumnic*! than in winter. 


WHY A WRECK SINKS 

W HEN a ship sinks it go<»s to the bottom 
of the IK ean for as it goc's lower and 
lower its material gets more and 
more ('omprc;ssed , and is a I wavs denser and 
heavier than the water which, ol course, 
is itself also compiessed. 



A ship going to the bottom of the sea 




THE ROMANCE OF THE PELTON WHEEL 

Some discoveries and inventions have been the result of strange accidents, and in the whole realm of 
engineering there is nothing more romantic than the story of how the Pelton Wheel, an unusually efficient 
device that is of the greatest importance to-day, was invented. The strange story is told in detail on these pages. 


W '^ATEU has been used as a source of 
power by man for thousands of 
years. We find that water- 
wheels were in use amonK the ancients, 
and in all sorts of lands, backward as 
wc'll as advanced, the wat(.T-niill for 
grinding corn and dtnn" other work is a 
regular institution. 

'J'here are various kiiuls of water- 
wheels, as we read in anotlier part of 
this book, but the most efficient otall 
water-whe<*ls is the. modern type known 
as the iVlltjn wheel. 

In this wheel a series of drnible 
biKkets is at t judied to the circumference, 
and water, issiiinji from a iioz/le at 
\ery ^real pressure, strikes the bijck<*ts 
in the middle, is deflet ted t() both sales 
.ind drivc\s the wheel round at great 
s]HH!d. This type of w’ater-wheol has 
enormous advantages over tlie old- 
tashioiied kinds, and as much as Sy ])er 
cent, of the power expended is harnessed 
tor use. 


It is very serviceable where there is 
a limited supply of water, but provided 
that the water is falling from a heiglit 
so as to get the nece.s.sary force. The 
iK)/zle from which the waier is dinn^ted 
upon the buckets is of small diameter, 
gi'iitTally ranging from a fpiarter to 
half an inch. The wheels vary very 
much in diameter, soinetirne.s being as 
small as six inches and sometimes as 
great as ten feet. 

Pelton wheids are often used for 
driving clynaintis, and a wheel three 
feet in diameter with a fall of water of 
5 JO feel, can devidop 200 horse- ])ow'er. 
This is verv remarkable when one 
remembers llial such a w'heel w'ould 
use only about 2.|0 cubic ft»el of w^ater 
per miiintt*. In no (»lher way could 
such an iiinount of water produce such 
great horse-power. 

The invention of the Pelton wheel 
is one of the romances of engineering. 
We owe it to the foolishness or 


obstinacy of a cow. One hot summer 
day in i860, a gold-miner was washing 
the gold -1 Hearing gravel in Nevada in 
order to collect the grains of precious 
metal. Ife had rigged up a length of 
hose in c>nler to provide a supply of 
w'ater at sufticiently high ])re.ssiire to 
do tile work, ami as the water supply 
W'as at a considerable height the stream 
came from the nozzle, of the hose with 
considerable force. 

As the miner was engaged in this 
task, a cow belonging to him, which 
was kept for the use of her milk, went 
lip to the workings to slake her thirst. 
She n(‘arly njiset some of the sluices 
which the miner had arranged, and so to 
drive off the cow the man turned his 
liose upon her. Py chance the water 
struck the cow in her cup like nostrils, 
and th(^ force of the. stream threw her 
lics'ul i>ack sharply. 

Thii miner noticed the effect of the 
water stream on his cow’s nose, and 




MARVELS OF MACHINERY 


sii(ldc*nly a brilliant idra 
cairu' to him. He would 
make a water-wheel with 
receptaeles form<*d like 
the cow’s nostrils, and ho 
felt sure that this would 
be much more etlicient 
than any of the* ordinary 
wheels then in u.se. 

A Great Idea 

The man Jos! no time. 

Ho ri^^^ed uj) a wa;^st>!' 
w'heeJ on an axle so tJiat 
it would turn frendy, tied 
a number of empty cans 
to thf* rim cd the whcid 
and when all was ready 
directed his ho.se stream 
upon the cans. 'J'ho wheel 
wt*nt round with «'i wdiirl, 
and so lout: iis be kt^]^t 
the* si ream ilireoted in one 
posit iim, that is directly 
at the openings of the 
cans, the wheel con- 
tinued to rotate with 
great speed. 

" Here,*' thought the 
miner, *' is a great idea,” 
and while he still went 
on with his gold-mining, 
he spent some time con- 
structing a complete 
model of the new kind of water-wheel. 
It more than met his expectations, but 
here the niiatter rested for some years. 
No one seemed inter- 
ested. . 

Then in 1885, the 
miner went to San 
Francisco and ex- 
hibited the wheel. He 
managed to convince 
a number of manu- 
facturers of its great 
commercial possibili- 
ties. I'he Californian 
gold mines needed 
some form of cheap 
power, and here was 
1 1 le very itlea. A plant 
was erected at the 
mines, a water stream 
was brought from a 
great height, and the 
new device was in- 
aug’irated in the 
presence at a large 
gathering of miners, 
who though interested, 
were soiuewhat sce])ti- 
cal. Hut the wheel 
iiistified itself at once. 


Success Achieved 

Tile demon St ration 
proved a tremendous 
success, and from t hat 
time onwards Pelton 
wlieels, as they were 
called, after the name 
of the miner inventor, 
Lester A. Pelton, were 
in great demand. 

Wc are not told 
W’ h a t hap]x;ned to 
P e 1 1 o n * s cow. but 



The Pelton Wheel as it is today. A powerful jet of water under pressure 
strikes a series of double buckets and whirls the wheel round at enormous 
speed. A needle inside the nozzle regulates the water- jet 


certainly the inventor, whose name is 
now world-famous, mu.st have felt grate- 
ful to the animal for giving him such a 



The very first Pelton Wheel made by tying old cans to a waggon wheel 


brilliant and useful idea. 
• In the modern Pelton 
wheel the inner surface 
of the buckets is highly 
polished to avoid friction, 
and when the stream of 
water is directed at the 
sharp edge of the wall 
between each pair of 
buckets it communicates 
as much as 08 per cent, 
of its energy to the 
buckets. When the water 
leaves the nozzle it is not 
so much a jet, as a .solid 
bar waler, A three- 
inch jet of water at a 
pressure of 500 f)ounds to 
the square inch cannot lie 
cut through or deflected 
by the blow of a massive 
crowbar. 

Regulating the Water 

The supply water, 
and therefore its force, is 
regulate* 1 by means of a 
tapered needle inside the 
nozzle which can be 
moved to and fro so as to 
make Ihe opening larger 
or smaller at will. The 
needle valve is worked by 
a governor aiul a motor, 
and as a reduction of the stream of 
water would increase pre.s.sure in the 
pipes delivering it, the governor also 
works an escap*' valve, 
iiiitoniaticnlly opening 
it when t he" needle 
valve closes, and 
closing it when the 
needle valve is open(»d. 
In this way the power 
of the whftel can be in- 
creased or lessened ac- 
cording to need, and as 
little water as possible 
is wasted. 


Enormous Pressure 

Pelton Wheels are 
made in all sizes. a.nd 
they are designed to 
run at all speeds and to 
use water of varying 
pressures. In some the 
stream of water which 
leaves the nozzle has 
the enormous prc.ssiire 
of 935 pounds on every 
square inch. 

Think of what this 
means. Mark out on 
paper a little square 
with two - and - a - half 
inch sides. If the 
stream of a large Pcltou 
Wheel were directed 
against this the pres.s- 
ure would be over a 
ton. No wonder the 
wheels have to be very 
strongly built of the 
best ^teel. and no 
wonder they whirl 
round at an enormous 
speed. 
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DIGGING A HOLE AT THE BOTTOM OF A RIVER 



When a bridge is to be built across a wide river, concrete foundations have to be laid. A large circular iron chamber, called a caisson 
is sunk in the river bed. Inside the caisson is a floor with concrete to give weight, and underneath is a working chamber into which 
compressed air is pumped, driving out the water. This is kept fllled with compressed air and workmen enter through an air lock to get used 
to the pressure. Th^ dig out the river bed, and the caisson is then filled with concrete and thus provides a fBOtod foundation for the bridge^ 
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THE GREAT MACHINE THAT PRINTS 



The machine that prints a newspaper or magazine is a marvel of ingenuity, and in these pages we see how it works. For clearness 
and simplicity part of the machinery on the far side has been brought to the front. The motor sets moving a whole series of huge rollers 
or cylinders. Some are to direct the paper, some are covered with ink, and some have bent round them metal plates cast from the type 
and arranged in pages. The plate cylinder is inked by a roller, and when the paper comes to this cylinder an impression of each page is 
left behind. There are two tiers to the machine, and both are printing parts of the paper or magazine. As the printed paper leaves the 
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AND BINDS A PAPER FOR YOUR USE 



rollers it passes between a series of circular knives, which cut it into strips the depth of the paj^es. Then the strips pass ovet 
turning-bars and are drawn through rollers, where they are brought together with other strips from the lower tier of the machine. 
The whole of these pass through an apparatus which binds the pages by stitching them with wire, and cuts them off in separate 
magazines or journals. The journals then drop on to a travelling belt and are carried away for despatch to the newsagents or 
booksellers. In the bottom right-hand corner of this page the other side of the wire stitcher is shown, with the reels of wire 
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WHAT ENGINEERS MEAN BY HORSE-POWER 



Hid 




This photograph of a diesel-electnc locomotive built by the British Thomson-Houston Company of Rugby» England, for British Railways, 
is a good escample of how engineers can put a lot of hor$e< power into a small space. The locomotive develops 827 horse>power and 
can haul a load of over 500 tons ; imagine the long line of horses that would be needed if there were no engines to do the work 


B ickohk the development of machinery men did their work 
of digging or pulling or lifting as well as they could, merely 
comparing in a general way the work of a very strong man 
with that of a man Ujss strong. As soon, however, as macliincry 
was invented and devi'hiped it became necessary to find some way 
of comparing the work one machine was capable of doing with 
that of another. 

James Watt, to whom wc owe the steam engine, made experi- 
ments with strong dray horses and found that a good average 
amount of work dune by one horse was equal to the 
lifting of 33,000 pounds to a height of one foot in one 
minute. Of course, a horse urged on could do 
more work than this, while over a full day the 




animal would work at less rate. However, Walt took this 
useful average and cal 1 it a horse- power. Then he nuMsnred 
the work Ills engines uld do by the ainoiiiit oI horse-powci 
they coiilfl achieve, Ev i’ since that time the work of engines 
has been reckoned in h ►rse-jiower. 

Sometimes we read of an engine having so much Indicated 
Horse-power. That means the amount of horse-power c‘xerted by 
the piston. Of course, when we use the power in the engine some 
of this Indicat'd Horse-power is lo.st, and what we actually use 
in driving machinery is known as Effective or Brake 
Horse-power. Lifting a weight of 33 ,ock> pounds to 
a height of one foot requires the same energy 
as lifting one pound 33,000 feet. 


These ten horses struggling to drag a load of about 8 tons provide the standard of work for all engines and machines. But the line of 
ten horses occupies a greater space than the locomotive above which can haul more than 100 times their load ; and the engineer’s 
827 horse-power pulls its load for hour after hour, whereas the draught horses soon become tired and must stop to rest 
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MAKING 1,500,000 ELECTRIC BULBS A DAY 


G lass bulbs of a ^rcat munydifferent 
types and sizes are required in 
huge quantities for making elcjc- 
trie lamps and radio valves. Until 
about J920 they were all made by 
skilled hand blowers, but nowadays 
automatic machines are used. 

One of the largest bulb-making 
machines, designed by the British 
Thomson-1 loustoii Co. and the General 
Electric Co., is at Harworth, near 
Doncaster, Yorkshire, and can produce 
three-quarters of a million glass bulbs 
a day. Two of the machines are in 
o|x^ralion at Harworth. and tlieir total 


and felspar, are fed to their respective 
silos by a mechanical bucket conveyor 
inside the building. All the raw 
materials are obtained locally : sand 
from King's Lynn in Norfolk, soda ash 
from Northwich in Cheshire, limestone 
from Buxton in Dcrby.shire and dolo- 
mite from a source near Doncaster. 

Haw materials are mi^chanically 
sh(jvcllcd from their several silf)s and 
pass down chutes to the automatic 
weighing machines two floors below, 
whence they are dischargtul in their 
cornxit prop(»rtions into a rotary mixing 
drum. 


peratures arc suitably graded through 
the melting and refining ends, the glass 
Anally pa.ssing through the forehcarths, 
which are of the automatic type, and 
bring the glass to the exact temperature 
required for feeding to the actual 
bulb-making machinery. 

On leaving the forchearth a con- 
trolled stream of glowing, molten glass 
flows down between two rotating water- 
ciM)led rollers at one end of the ribbon 
machine. One roller has a plain sur- 
face, the other contains pix-kets, or 
circular depressions, so that the glass 
issues from Ixitween them as a con- 



This picture-diagram shows in simplifled form the machine that can produce thousands of electric bulbs in an hour. Molten glass 
from the feed tank falls on to the orifice plates (plates with holes in the centre) and is carried to the blow heads which force compressed 
air into the glass so pressing it into the moulds which give the bulbs their shape. The bulbs arc then cooled by jets of air and fall on to a con- 
veyor belt which carries them away for packing. The whole process of making electric lamps is described on this and the two following pages 


daily production, one and a half million 
buU>s. is sufficient to meet the require- 
ments of all the electric lamp manu- 
facturers in the British Isles and to 
allow a margin for export to Europe 
and the Commonwealth. 

The factory building is 700 ft. long 
by 80 ft. wide. At one end is the too ft. 
mixing tower wliere the raw materials 
arc taken in. and it is from this iioiiit 
that the manufacturing process begins, 
terminating in the finished products 
which, packed in cartons, are tran.s- 
ferred on a conveyor belt to the railway 
wagons in which they travel to their 
destinations in Britain or to the [xirts 
for shipment abroad. 

Raw materials for making the glass 
bulbs are delivered directly to the plant 
by railway wagons and are raised by 
suction to the top of tlie mixing tower. 
The mixing tower, which is built in 
reinforced concrete, consists of seven 
silos, extending from the top to the 
bottom of the tower, each of which can 
hold 1.500 tons. The raw materials, 
soda ash, dolomites, limestone, sand 


On the floor directly Inflow the 
outlets of the silos are remote-control 
panels which give an accurate and 
instantaneous picture of the progress 
of the materials. Coloured indicator- 
lights show the conditions in the silos, 
when they .are being replenished, the 
passage of materials into the weighing 
machines, their discharge into the 
mixing drum, and so forth. Most of 
the.se oixTations are remotely con- 
trolled by push buttons on the panels, 
.so that a small staff of two men is able 
to suiTcrvi.se the working of tliis 
important section. 

From the mixing drum the now 
thoroughly blended materials are auto- 
matically discharged into canisters 
which are mechanically conveyed on a 
roller runway to the hopper which feeds 
the furnace. The hopper discharges 
into electrically-operated screw-fccdcrs 
which force tlie charge, or batch, into 
the mouth of the furnace. 

The furnace in which the r,aw 
materials are heated and fused produces 
150 tons of molten glass a day. Tem- 


tinuous ribbon bearing a series of 
shallow circular " humps " like the 
ribbon of “ caps " used in a boy's toy 
pistol. From the rollers, the ribbon is 
carried on a continuous belt of plates, 
each of which is pierced with a circular 
hole that comes accurately into position 
beneath a " hump." 

Moving forward on the phates the 
ribbon now meets a chain of blowhecads 
which descend on to it from above, each 
blowhcad pressing into the centre of a 
“ hump " directly over the hole in each 
plate. A puff of compre.sscd air issuing 
from the blowhcad causes the " hump ” 
to Itc forced downwards through the hole 
in the plate, the function of which is to 
fix the diameter of the top of the neck 
of the finished bulb. The newly- 
formed bulbs, or glass blanks as they 
are called, hanging below the rapidly 
moving ribbon, increase in depth until 
they meet split moulds which rise from 
below on a continuous belt and close 
round them from both sides. 

Tlie moulds now begin to rotate, and 
meanwhile the air pressure from the 
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MARVELS OF MACHINERY 


blowliracls increases so tliat the glass 
blanks are inoulcied to their iinal shape. 
During tfiis operation the ribbon, blow- 
lieads and moulds an* all moving for- 
ward together at tin* same spcsnl. On 
completion of this process the moulds 
o|)en, revealing the bulbs, and return on 


in a cushir)n of steam which leaves them 
with a juilished surface finish. 

F.acli ribbon machine, so called Ih*- 
cause of the ribbon of glass ]»assing 
through it, is driven by a ro h.p. electric 
motor which isoperatetl under tdectronic 
control to maintain coiistatit sp(*i‘d at 



any setting fn)m 
a crawl to 1,730 
r.p.m. 

Of the t w o 
machines uscmI, 
the larger pro- 
duces from 350 to 
500 bulbsa minute 
in the si/es for 75- 
watt, loo-watt 
and 150- watt 
lighting 1 a 111 p s . 
Operating on a 
coni i nil on s 24 
hour sc h ed n 1 e , 
this machine gives 
a daily output of 
ap]iroxiinately 
500,000 bulbs. The 
smaller machine 
will ])roduce the 


After annealing, the bulbs are air 
ctioled while ])roceeding on a conveyor 
belt to the packers. At the control 
point five bulbs are picked olf the belt 
every twelve mi antes for examination 
and cheeking for eorrcct si/e. 

Packing tlic bulbs into cartons and 
labelling and sealing the packages takes 
place on two floors of the main factory 
iniilditig. whence tin* cartons pass on 
conveyors to the finished bulb store, 
'riiis building is 700 ft. long by tto ft. 
wide ; a railway line enters at one end 
and extends down one side for the full 
length of the ston\ On the opposite 
side are situated the road loading docks 
which are convenitMitly arranged at an 
angle to allow ample niom for backing 
and turning the* lorries. 

Inside the store, cartons ready for 
desj)atch are stacked 011 wooden slats 
and can be, easily picked up ami trans- 
ported by means of battery-driven fork 
trucks. Hetween twenty and tliirtv 
wagon loads of bulbs an* ilespatched 
from the works by rail (ivery day. 

As the maniifactnn^ of bulbs is a con- 
timiriiis process, and any interniplion 
wfiiild involve wasteliil and 


Fig. I. Glass rods are fed 
into the machine and picked 
up automatically for inserting 
in the bulbs 

their belt u n d e r the 
machiiit;. At the same 
time tin* blowheads break 
contact with tin; gla.ss 
ribbon and return along 
the machine on I lie upper 
side of their chain. 

The plates, carrying the 
ribbon with the blown 
bulbs depending from be- 
neath it, continue to traxel 
foi wards while jets of cool- 
ing an* plav upon the 
Completed bulbs. On reach- 
ing the rotating ribbon- 
lifler the bulbs aie sne- 



costlv delav, arranj.emeiits 
liavi' lieen made tf) ensure 
continuity of supply, in the 
event of a pi aver cut, bv 
the installation of emei - 
g e n c y diesel-alternali u 
sets. Similarly, oil .storage 
tanks have been ])rovided 
to enable the furnace to bi* 
oil titled should the normal 
.supjily of gas fail. 

When the glass bulbs 
leavtt the ribbon machine 
tJiev are simply empty bot- 
tkis. and the lujxt task, 
after they have been de- 
livered to the finishing fai - 
tory, is to insert their 
filaments, extract the air 


cessivelv tap)>ed off by the stri»k(is of 
a hammer and fall into tlie seoo]>s of 
a totary turntable which lip them on to 
a moving belt for conveydnee through a 
gas-fired annealing c'vcm. 'flu* glass 
ribbon passc*s down to the floor below 
where it is water-cooled and siib- 
.sequeutlv broken uf^ for re-use as cuHet 
01 waste glass, while the plates return 
hori/ontally behind tlie machine. 

Tht^ diagram on page 145 gives a 
clear picture of tin: complete procc^ss of 
bulb blowing. Here are some more 
facts about this ama/ing machine. 

'Hie moulding of the bulbs is a very 
delicate and precise operation ami for 
this reason the moulds are cork lined. 
The heat of the glass transforms the 
cork into line earbon whiidi readily 
absorbs water from the cooling sprays 
that plav on the inonlds as they pass 
bac'k under the machine. Coming into 
contact with the liot glass, the water is 
vaporised, so that the bulbs are formed 


Fig. 2. Lengths of 
tungsten wire, from 
which are formed 
the filaments, are 
automatically cut to 
the right size and 
pass into the mach- 
ine which places 
them round the glass 
rod in the bulb 

whole range of 
valve bulbs up to 
4 4 . 5 - ni in . d i - 
ameder, including 
all the miniature 
types, and lamp 
bulbs from the 25- 
mm. stop and tail 
light size ui> to 



and including the 

(>5-mni. bulb for the 60-watt lighting Fig. 3. A shadow of the bulb, now con- 


lamp. The output of tlie macliinc, which taining rod and filament, is thrown on to 


runs continuously throughout the 24 a screen so that the girl inspector can check 


hours, is about 1 ,000.000 bulbs daily. that everything is correctly positioned 
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from inside them, (ill them with gas, 
and seal the tops with a brass cap. 
These proces.ses are carried out auto- 
matically by machines of the type 
shown on pages 146--47. The machines 
were designed and built by Philips 
Electrical and were photf)graphcd whiUi 



MAR VELS OF MACHINER Y 

Progressing past this point, the 
growing lamp then meets its bulb 
which, held above by a vacuum 
" grip,** is lowered mechanically over 
the assembly, and passes on to another 
battery of flame jots in which the base 
of the bulb is melted, shaped and sealed 
around the; flange. 
This process is 
i m m c d i a t e 1 y 
followed, on the 
next section of the 
machine, by ex- 
traction pumping, 
and filling with an 
inert gas. Any 
flaw in a bulb, 
however, will 
ojHiraie a mechan- 
ism which pre- 
vents this 0|jer- 
tion in the case of 
the bulb con- 
cenu'd. 

The stealing ot 
the exhaust-tube 
follows, and the 
lamp is now ready 
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Fig. 4. The lamp has now 
been filled with gas, and the 
operator is passing a current 
through the gas to make sure 
that the gas content is correct. | 

working in tfiat company’s 
fa(‘,t<ny at ilatnilton, Scot- 
land. 

Just as in making the 
glass bulbs tile raw material 
was fed in at one end <»f 
the factory and the tin- 
islicd article came out at 
the t)lher, sri in assembling 
el».‘ctnc lamps, bulbs and 
components are placed in 
one end of an assembly 
line of machines and come 
out of the last machine 
ready to l>c connect eil to an 
electric supply and light up. 

The first section of the machine 
assembles the internal stem of the lamp, 
the component parts of which are fed in 
by an operator. These c<jmprisc a 
short piece of glass rod with tw'o lengths 
of nickel wire (the lead-in wires), which, 
leaving the loading point, arc correctly 
positioned by the machine b(fl(»re 
passing on through a .scries of flame jets 
in which the end of the stem is melted 
and automatically pinched and wraled 

In the .second stage the filament sup- 
ports and the tungsten filament itself, 
fed ill by an operator iu precise length.s, 
arc mounted on to the stem, the molyb- 
denum supports being autoiiiatically .so 
hooked around the filament that it 
cannot be dislodged. 

It is at this stage that a test point is 
set up. Every filament assembly passes 
under a special projector which throws 
its silhouette on to a screen watchetl by 
an operator; any flaw in construction 
BO far can be readily detected. 
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base, are automatiiMlIy cut off, and 
‘* fluxed.** Two l>lobs of solder, pre- 
cisely placed, complete the job of 
manufacture. 

Before it leaves the assembly line the 
lamp is subjected to tests with a high- 
frequency coil which iiulicates, as be- 
fore, the nature of the gas content (or 
the state of the vacuum in <flher types 
of lamps). It is then thoroughly in- 
spected for the smalk'st flaw of any 
description, and so rigorous is this 
inspection that a lamp is rejected even 
for a faulty letter in the rating partic- 
ulars branded on the top of the bulb. 

'fhe test department now takes over, 
and our new lamp, with a batch of 
others, is subjected to an over-voltage 
test twenty per cent, above its rating. 
Surviving that treatment, it is next run 
on a low- voltage supply and inspected 
under this condition for even burning. 
Next, batteries of lamps nvr switched 
into .series, and again burned to check 
that they are all of the scime v(»1tage 
rating. Once again, they are subjcx'.ted 
to the H.h\ coil tc.st and closely in- 
spectcxl. If all is well, most of them arc 
ready for ])acking. 

While the bulbs and 
components are passing 
through the machines, 
inspectors make random 
selections of finished lamps 
for special tests. Typical 
of these are the life tests in 
which Lamps of all types are 
simply burned continuallv 
until their allottcjcl span is 
exhaust («d. ( )lher tests arc 
highly tc'chnical and cannot 
be descrilx*d hor<», but a 
simpler one can. This is 
the test for the cement 
which secures the cap 
to the bull). It must 
.survive a mouth in salt 
water I 


Fig. 5. This mach- 
ine automatically 
places the brass cap 
on top of the lamp 
and seals it in pos- 
ition with cement. 

for its bra.ss cap. 

Special tests are 
once again mad«^ 
at this fK)int to 
ascertain that the 
quantity and 
quality of the gas 
are correct. 

Next, the lamp 
passes into t he 
fourth and last 
stage of its pro- 
gress ; this is the 

capping mill. A 

sf)e('ial cement i 

inserttnl into the cap which is then 
dresst'd on to the end of tlie bulb, and 
baked. Finally, the end of the wire 
supports, still protruding through the 



Fig. 6. Here all types of finished lamps 
are being tested before sale. A proportion 
are kept lit until they burn out, so establish- 
ing how long a lamp is likely to last. 
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This track-laying machine can place in position 240 yards of new line in an hour. The two cranes are controlled by one man from 
the cabin in the centre. Attached to the crane arms are powerful lights for track-laying at night 


W iiicN railwaynicn .speak of a track 
mile they mean two le^^th.s of 
rails each one mile long and 
laid parallel for the trains to travel on. 
I*' very track mile in Great Britain 
consists of J30 tons of steel rails made 
up of jyh single lengths of rail. Gn<i 
mile of track rests in 4,320 cast-iron 
chairs weighing a total of 87 tons and 
the rails are wedged into the chairs by 
either 4,230 w(M>den keys or 4,230 .steel 
spring-clips. The 1 76 lengths of rail are 
joined to each other by 172 lisliplatos 
which t<^gf!ther weigh 34 tons, and the 
fish])lates are fixed to the rails bj' 
040 fi.shbolts weighing a total of J of a 
ton. The chairs carrying the rails are 
attacheil to the sleepers by heavy bolts 
each weighing pounds : as there are 
J2,<)fio of these bolts for every mile of 
track, their total w^eight is 8j( tons. 
Kails and slet^pcrs for a mile of track 
rest on 2,115 sleepers spaced 2^ feet 
apart and weighing 100 tons. 

JCvery year British Kailw'ays have to 
re-lay approximately i ,650 miles of 
track, and much of tins work lias to be 
done w'ith a minimum of interference 
to trains on busy lines. If all the 


components of a mile of track weighing 
350 tons had to be as.semblcd separately 
by hand the work would not only take 
a very long time, but traffic on the 
line would lie seriously delayed. 

So to lay new rails as ipiickly as 
possible track-laying machines are uscxl. 
At the permanent way depot, sections 
of complete track are assembled, the 
chairs lieing spiked to the sleepers by 
automatic machines which fix two 
chair.s to each sleeper at the rate of 
120 sleepers an hour. The rails jire 
then placed in tlie chairs and secured 
l.>y the wooden keys driven in by a 
))ower hammer. The sleepers are of 
seasoned Baltic Ked wcmhI and are 
8 feet 6 inches long, 10 inches wide 
and 5 inches deep. 

Sections of track complete with rails, 
chairs, and slc^cpers in positifin and each 
bo feet long are loaded on to a railw'ay 
ivaggon and taken to the spot where 
they are to be put down. On a parallel 
.set of lines is the actual track laying 
mach i ne. This consists of a long waggon 
on each end of which is a steam crane 
with a fixed arm jutting over the line 
being re-laid. The crane waggon is 
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drawn by a steam engine and begins 
work by running alongside the track 
ivaggon and lifting otf a length of the 
made-up track. The crane waggon 
carrying the length of track, as shown 
ill the picture above, is then pushed 
back to the end of the trac:k being re-laid 
and lowers the section of line into 
jiositioii so that it joins the section 
previously laid. The two sections are 
then .secured by fishplates and bolts. 
In this way it is possible to lay track 
at the rate of 240 yards an hour. 

The type of machine illustrated 
above can be used only where there are 
two tracks, one for the rail-carrying 
waggons to rest on, and one along which 
the double-crane travels. Where a 
.single line track is being laid, the 
Morris track-layer is used. This consists 
of a crane mounted in front of the track- 
carrying waggons, the whole train lieing 
pushed by an engine at the rear, 'fhe 
crane lifts a length of track from the 
waggon, swings round, and then lowers 
the lenf^h of track in front of it. As 
the .sections of track are bolted together 
the whole train moves forward along 
the newly laid rails. 




TORRICELLI INVENTS THE BAROMETER 



It was Torricelli, a pupil of the great Galileo, who invented the barometer. Men had found that no pump would raise water higher than 
32 feet above^the level in a well, and Torricelli argued that if water would ri:e 32 feet, then mercury or quicksilver, which is about 13 
times as heavy as water, ought 10 rise only one Z3th as high. He tested this with a tube closed at one end, which he filled with mercury 
and inverted in a basin of the same metal. The column of mercury in the tube fell till it was only about 30 inches high, leaving a vacuum 
above it. Torricelli came to the conclusion that both the water and the mercury were supported by the outside pressure of the atmosphere. 
In this experiment he had invented the barometer. The modern mercury barometer is only Torricelli’s tube with certain additions. A 
glass tube about 33 inches long, containing mercury, has its open end stood in a cistern of mercury, or has this end bent round. The 
air presses on the mercury in the cistern or the open end of the tube, and supports a column of metal about 29 or 30 inches high, 
according to the pressure of the atmosphere. A float in the open end of the bent tube has a cord passing over a little pulley, which turns 
a hand on a di^. Weather conditions depend upon atmospheric pressure, and can be more or less learnt by studying the barometer 
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MEASURING THE SPEED OF SOUND 



Sound travels at different speeds through different substances and at different speeds according to the temperature and density of the 
substance and its height above sea level. One of the earliest measurement of the speed of sound was nude over a century ago in 
France by two groups of scientists, each provided with a cannon and a stop-watch. The groups were stationed on low hills a distance 
of 61,047 feet apart. When one group fired the cannon, the other timed with its stop-watch the number of seconds between sighting 
the flash and hearing the sound. The time taken was 54} seconds. This gave the sound a speed of i,ii8 feet per second. Later 
experiments with recording instruments prove that the speed of sound in calm and clear air at o'^C. at sea level is x, 120 feet per second 



Sound travels more quickly through water than through air. This was proved in 1840 on Lake Geneva by two scientists named Colladon 
and Sturm. They were seated in boats one on the opposite side of the lake from the other. Sound was produced from one boat 
striking a hammer gainst a bell under the water, while from the other boat a speaking trumpet was lowered. A sheet of metal was 
placed over the receiving end of the trumpet, and this vibrated when the sound waves transmitted through the water struck against it. 
The listener with the speaking trumpet held a stop-watch and knew the instant when the bell had been struck by observing a flash 
produced from the other boat by the firing of magnesium powder ignited by a lighted match attached to the hammer of the bell. The 
boats were 44,237 feet apart and as the bell sound passed between them in 9^ seconds it was calculated that the speed of the sound 
through the water was 4,706 feet per second. A later experiment proved that sound travels more quickly through sea water than 
through fresh water. The accepted speeds are now 4,714 feet per second through fresh water and 4,990 feet through sea water. The 
speed of sound through water is the basis of the echo-sounding instruments, used for detecting the presence and distance of objects 

under the sea, described elsewhere in this book 









Wonders of the Sky 



A MUSICIAN DISCOVERS A NEW WORLD 

Many new discoveries are constantly being made in connection with the stars, and even new comets are found 
from time to time as astronomers scan the heavens. But the discovery of a new planet is an exciting event 
which occurs at very rare intervals. The excitement in the world of science when the planet Uranus was 
found by Sir William Herschel was enormous, and here we are told about the planet and its discovery 


S OMK of tlie greatest things in the 
fustory of the world have been 
done by men who were never 
s|:K.‘cially trained for their tasks. King 
David, who delivered his nation from 
its enemies, was not a soldier, but a 
shepherd ; i ohimbus, wlio discovered 
a new world far across the unknown 
ocean, had been trained, not as a 
mariner, but to some trade ; Sir 
Christopher Wren, who Vniilt St. Paul’s, 
was a prolessor of astronomy, not an 
- architect by training, and Sir William 
Herschel, who di.s< overed the first new 
planet for thousands of years, was an 
organist and a teacher of music. 

these days we are so used to 
zing discc»veries in all fields of 
ice that ^\e should hardly be 
irised at anything the astninoniers 
might tell us. Indeed, when in March 
1030 a new i»lanel belonging to the 


solar system was discovered far beyond 
Neptune, with the exception of a few 
paragraphs in the newspapers the 
astonishing newsattrjicted little popular 
attention. 

Of course, scientists were interested 
to know that our solar .sy.stem, of which 
Neptune up to then had liceii supposed 
to be the outermost member, had been 
extended by something like 2,400 
million miles. They had, however, 
thought it quite likely that there might 
be still another nieiiilier of the Sun’s 
family which had not yet b(‘en found, 
just as when Neptune was discovered 
its position hcul already licen worked out 
by mathematics, before it had been seen. 

Things were very different, however, 
at the CMul of the" eighteenth century, 
when Herschel discovered Uranus. At 
that time it was thought that practi- 
cally ever>dhing im]iortant was known 


about the objects in the heavens, and 
certainly about the solar system. The 
planets Mercury, Venus, Mars, Jupiter 
and Saturn had been known ifrom llie 
most ancient times, and no one sup- 
posed there could be any more planets 
to discover. 

When, therefore, on the night of 
March 13th, 1781, William Herschel, 
the Director of I*ublic Concerts at 
Hath, looking through the new tele- 
scope which he had made himself, saw 
a strange object that could not be a 
star, it never occurred to him that it 
could possibly be a planet. He knew 
it was not a star, for the telescope 
showed the object distinctly as a disc, 
and .stars appear only as points of light. 

He thought therefore it must be a 
comet, and in reporting the matter to 
the Uoyal Society he headed his paper 
" An Account of a Comet,” and said, 



I Orh/t of 
I of iira/nis 


Unmus, the whoK path Ues between the orbits of Saturn and Neptune, was discovered by Sir William Herschel while he was a 

professional It u a very strange world, for it appears to rotate on its side, as it were, and its four moons revolve round it at 

right .ngiM to its orbit. In this picture the Earth and Uranus are compared. Of course neither the planets nor their moons nor the 
orbitsof the moons are drawn to scale. The picture is merely to show the strange way in which Uranus and its moons go round 
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“ Oil Tuesday the 13th of March, 
between ten and eleven in the evening, 
while 1 was examining the small st.'irs 
in the neighbourhood of H. (ieminorum, 
1 perceived one that a]>pi?ared visibly 
larger than the rest ; being struck with 
its uncommon inagnitude I eompared it 
to T 1 Geminonim. aiul the small star 
in tJie quartile betwi:en Auriga and 
Gemini, and linding it to be so much 
larger than either of them, suspected it 
to be a comet ” 

Giving a Planet a Name 

'J'lie astioiiomer mentioned, however, 
as a strange fact, that this comet 
seemied to mov^e like a planet. Vet 
even tlien no one had the idea that it 
coulfl really be a planet, and it was 
some months before its true natun; 
was first hinted at, and then }>roved, 
by an astronomer of St. IVtersburg, 
now called I.A"ningrad. 

Hersehel, as th<‘ discoverer, had the 
right to give the new world a name, 
and he suggested Georgium Sidus, in 
honour of King George III The words 
moan the George Star. No one liked 
this name, aii<l a French .istroiiomiT 
trie<l to get it changed to Ilerschel, 
after the discoverer, luit in tlie end it 
was given the very suitable name of 
Uranus, which in the old mythology 
was the name of Saturn's father. 

It is interesting to know that this 
di.seovery was the turning point in 
Herschers career, for it transformeil 
him from a music master into a great 
astronomer. He was appointed I'nvate 
Astronomer <0 (h'orge III, and was now 
able to devote himself entindv to the 


study of tlie heavens, instead of, as 
was formerly tlic case, getting very 
little lime for his favourite liobby. 

In the old days between the Acts at 
the theatre at Bath, he used to lie seen 
hurrying from the harpsichortl to his 
telescope for a peep at the sky, and then 
back again. 

Since that time a gcxxl deal has been 
found out about this planet, but even 
now we know far less than we do about 
such planets as Mars and Venus and 
Saturn and Jupiter. 

Uranus travels round the Sun in an 
elliptic^al path, and the Snii is 83 
million miles out ol the centre of this 
orbit. 'I'he mean distance of tlie planet 
from the Sun is 1,782 million miles, 
and it lakes 84 years to go round the 
Suii once : in other words, its y(*ar is 
equal to 84 of ours. In making this 
journey it moves at the rate of 372 
thousand miles a day, or le.ss than a 
ejuarter the speed of the Earth. It 
turns on its axis, but we do not know 
the exact length of its day. The light 
and heat it receives from the Sun are 
about one 37otli of that received by the 
Earth. 

A World with a Green Face 

Wlieii sc'en through the telescope 
Uranus .show's a rather greenish disc 
with some indication of bands, and 
measurements show its diameter to be 
about 28,500 miles. It used to be 
thought that the diameter was several 
thousand miles more than this. 

The volume of the planet, that is, 
the space it occupies, is believinl to be 
47 timo.s that of the Earth, and the 


mass, or amount of matter in it, about 
14 J times that of the Earth. The 
planet is considerably llattened, more 
so than the ICarth. 

But the most interesting thing about 
Uranus is its moons, of which there are 
four. These have been given the names 
of Ariel, Umbriel, Titania and Oberon. 
Two of these, Oberon and Titania, 
were discovered by Sir William 
Ilerschel a few years after his discovery 
of the planet itself ; the other moons 
were discovered in 1851. 

Moons Travelling In Strange Orbits 

The interesting thing about them is 
that they move round the planet, not 
like our Moon and the moons of other 
planets, more or less in the plane of the 
planet's orbit, but at right angles to 
the orbit. This suggests that Uranus 
itself is, as it were, on its side. It is 
very mysterious, and astronomers are 
unable to tell us w'hy this should be. 

If any inhabitants w'ere living on 
this distant planet the strange jiosition 
in which it turns on its axis would have 
a very extraordinary cflect, for in its 
year, that is, during the time it is going 
once round the Sun. each pole w'oiild 
liave 42 years, acconiing to our reckon 
ing, of day and snn.shine when it was 
turned towards the Sun, and 42 years 
of night and darkness, w'ithout any day, 
when it was turned away from the 
Sun. Imagine what this would be if 
our Earth were in the jiosition of 
Uranus. Many people who happened 
to be born on the side opposite to the 
Sun w'oiild grow up and live and die 
without ever seeing daylight. 


THE PLANETS’ ORBITS IF ST. PAUL’S WERE THE SUN 



In order to get some idea of the relative distances of the planets from the Sun we may imagine that the dome of St. Paul's represents 
the Sun. Then the orbits of the four planets nearest to the Sun would be in the positions shown in the left-hand map. These circles 
round London, however, would be only one 40-millionth of the real orbits, just as the dome of St. Paul's is only one 40-mtUionth of the 
diameter of the Sun. To get an idea of the relative distances of the farther planets, Jupiter, Saturn and Uranus, we need to take in far 
more country, and we see this in the right-hand map The orbits of Neptune and Pluto, which are very much farther off, are not given 
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THE GORILLA IN ITS NATIVE HOME 



The gorilla is the largest of all the inan-like apes, and it is a very powerful creature. Hunters tell us that a full-size male gorilla would 
be more than a match in physical strength for ten men. Hundreds of years ago there were stories of a large ape that inhabited the 
African forest, but few scientists credited the stories, and it was only when a French traveller, Paul de Chaillu, came back from the Dark 
Continent in 1861 and told how he had actually seen the gorilla, that anything definite was known about it. Even then for some years 
people believed he was telling fairy-tales. The gorilla reaches a height of nearly six feet and weighs as much as thirty stones. Its foot- 
print is three times the size of a full-grown man’s. This fine photograph, showing it in its native haunts, is from the film **Congorilla ” 
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A GIANT AMONG THE MONKEYS 

The gorilla, the largest of the man-like apes, was believed to be a myth up to the middle of the nineteenth cen- 
tury, but then a French traveller returned to Europe from Africa and told how he had seen the gorilla in its 
native haunts.^ It was not till the present century, however, that live gorillas were photographed in the Congo 
forests and living specimens actually brought to Europe. The gorilla becomes a more interesting creature the 
more its life and habits arc known. Here we arc told many interesting things about this giant among the apes 


T hk Gorilla is the giant oi the man- 
like apes. Not only does it 
reach the heiglit of six feet, but 
its massive si2e and muscular develop- 
ment make it look a monster indeed 
In the course of the ages it has dev(?l- 
oped brute strength and mass of l)ody, 
and its strength of jaw and limb arc 
almost incredible. An average speci- 
men has the strength of at kjast five 
men, and there are some gorillas which 
could overcome tcui men. 

Though very small when born, being 
less than half the weight of a new-born 
human baby, the adult male w<‘ighs 
as much as two full size men. One 
old male which wiis shot in the Eastern 
<’ongo \v(*ighcd over 


^ The animal is found in the great 
Eejuatorial forests of Africa, and it 
lives in the hilly jungle country, 
although it is fond of coming down into 
the clearings which men have made and 
forsaken. 

Bands of gorillas often make maraud- 
ing expeditions to the native plantations 
and play havoc with the ])lrintains and 
sugar cancs, the young shoots of which 
they like. They eat a great deal and 
feed chiefly on the bamlioo shoots and 
succulent nxits. 

They are never found farther north 
than the Camcroons or farther south 
than the mouth of the Congo. They 
w’ore first discovered in the middle of 


found, more hairy and st(X:ky in build 
than the West African kind. 

Gorillas are found living at a height 
of as much as 10,000 feet above sea 
level. They go about in small bands 
of about ten which seem to be families, 
eacli band being letl by a massive malt!, 
two or three adult females, and a 
number of younger animals. 

While the gorilla is so powerful and 
is a formidable foe if called upon to 
defend its family, the stories about 
gorillas seeking out an<l pursuing 
human beings and carrying oft people 
have no evidence to support them. 

The male gorilla is a fearless animal, 
and though it usually moves about on 
i'lU fours it will stand 


yz stones an<l ten men 
were required to lift 

carcass 

111 the proportions 
ol its arms and logs 
to its body, the gorilla 
is nearest of all the 
apes to man, but it has 
a brain no larger than 
a four-vear-old child 
Its hairy coat con- 
sists of black i.sh or 
hlackish - red bristle.s 
with an under- fur, 
and it liccomes grey 
with age. The face is 
naked and black, but 
the head is crowned 
by reddish hair. It is 
certainly not a pretty- 
looking animal, for it 
has a huge protruding 
mouth, broad and flat 
nostrils and eyes over- 
hung by bony ridges 
When it opens its 
mouth it shows a set of 
very formidable teeth. 

A Dying Species 

The gorilla is cer- 
tainly an interesting 
animal, but unfortun- 
ately, like so many 
interesting animals, it Although the % 
is dying out. Sir Arthur when moving a 
Keith decKares that if 
we estimate the total “ placed 
gorilla population at 
50,000 he feels sure 
we have cxaggercTted. In any case, 
if all the gorillas in the world were 
gathered together they could be ac- 
commodated in one of our small 
country towns. 



Although the gorilla, when facing a foe, will stand upright, its usual attitude 
when moving about is on all fours, as shown here, and while walking the fingers 
of the hand are usually doubled on to the palm, but the whole sole of the foot 
is placed upon the ground. The animal can, however, walk with its fingers 
exten^d and its toes bent down on the sole of its foot 


the iiinctcciilh century by the French 
traveller Dr. Chaillii, but at the 
beginning of the present century in the 
volcanic mountains to the west of 
i^ikc Kivu, another race of gorillas was 


up to face a foe. 
Mr. Ben Hurbndge, the 
well - known hunter, 
.says it is doubtful 
if an adult gorilla 
m 11 z /. 1 e d could be 
overcome by a dozen 
trained prize-fighters 
Iwen baby specimens 
need two or throe men 
to master them. A 
gorilla fears no one 
except perhaps a man 
with a gun. It can 
seize a leopard, maul 
it to death and toss 
it aside as though it 
were a kitten 

A Bed of Branches 

At night the old 
male gorilla imikcs a 
^ bed of branches at 
the foot of a tree? 
where it sleeps, but 
the younger animals 
and the females 
generally s]>end the 
night on rough plat- 
forms built up in the 
trees. The male gorilla 
is too heavy to go up. 

The gorilla makes 
two sounds that 
usual attitude greatly impress all 
ting the fingers travellers. One is a 
fearsome roar, and the 
7ith its fingers other a loud drum- 
ming caused by the 
■ thumping of the chest 
with the fists. Before flight gorillas 
always pause in the forest and roar 
and beat their chests. 

Describing these sounds, Mr. Bur- 
bridge says : Then came a deeper 
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THE GORH^LA FACES MAN IN THE CONGO FOREST 



Up till recently, although the living gorilla had been seen in the forests of Africa, it had never been photographed alive. Now not only 
has it been photographed, but moving pictures of it have been taken in the Congo, and people who stay at home can see the animal 
just as the intrepid hunter sees it. In this still from a cinematograph him the great and powerful animal is looking out at the cameramen 

as they take their picture of him 



Unlike most wild animals, the gorilla roams the forest in search of food during the daytime only, and at night it goes to rest just as 
human beings do.^ The gorillas construct a kind of nest in the trees bv bending the boughs together and covering them with twigs and 
moss. This nest is made several yards above the ground, and in it the female and the young pass the night, while the male gorilla takes 
his place at the foot of the trc«, where^ he remains in a sitting posture ready to protect his family from the attacks of leopards and other 
enemies. This photograph shows two youi^ gorillas that were surprised by the camera 
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boom — a dull, resounding, rapid strik- 
ing, a muffled drumming which carried 
with it a certain sense of power. It 
was like the sound of strong men 
rapidly beating a carj^et. A terrific 
roar filled the forest's silence. Again 
and again it crashed, deep and guttural 
in answer to the echoes that were 
filing backward and forward among 
the assembled peaks. In the accom- 
panying silence it came to me that 
down there, beyond the leafy screen, 
an old man gorilla was looking up at us 
and voicing in his roars and chest-beats 
the ape’s ancient defiance of humankind 
as old as Africa. Some observers have 
likened the roar of a gorilla to a bark 
'I'his is true of the animal when pursuccl, 
but at bay the vocal utterance is 
prolonged and treTnendoiis. It rivals 
even the roar of a lion ” 

The Crash In the Thicket 

Mr. ]3urbridge, who spent a long time 
in A£ri('a trailing the gorilla, followed a 
hand and arrange d his camera rt:ady to 
photograph the animals. Suddenly a 
violent crash in tlie thicket, like tlie 
rapid I'xplosion of giant fire-c rac'kers 
was lieard, and up out of the green, 
tliirtv feet away, appeared a great 


gorilla. “ For a moment,” says Mr. 
Burhridge, ” he sat there transfixed, 
one huge fist closerl around the branch 
of a tret! overhead. Tlien with slow 
deliberation he raised himself higher, 
craning his neck to sec over intervening 
thickets, a half human, half brutish 
thing silhouetted against the gloomy 
forest. His wrinkled old face framed 
in bristling hair, expressed intense 
curiosity. 

An Angry Animal 

*• It wjis a strange introduction, the 
])resentatit)ii of these two— while man 
and gorilla, out there in the Congo 
forest. The iipc, so manlike, si'emed 
gaxing from a gloomy cavern- im- 
personating the Stone Age in a meet- 
ing with the .steel. 

" The sudden movement of another 
gorilla just below him and screeiH*d 
from sight cau.st.sl the first gorilla to 
look down. Perhaps somc‘ word pa.ssed 
between them, for as he jerked his head 
toward me a fit of passion convulsed his 
face. eavernous mouth opened 

and a treinendous roar filled the forest. 
With sudden tremendous power he tore 
a limb fiutn the trei‘ and carried it to 
his mouth, biting oft clninks of the hard 


wood and spitting them out. I sprang 
up to swing the motion -picture camera 
upon him, but he dropped from sight 
into the jungle masses and w^as gone.” 

Like the chimpanzee and the orang- 
utan, the gorilla does not liabitiially 
walk erect, but supports itself with its 
hands. W'hich are usually partly closed 
so that the weight is borne on the 
knuckles. In the trees these animals 
move with surprising speed and agility, 
and can take long leaps that would 
appear impossible for such heavily 
built animals. Owing to its great 
mii.sciilar development and savage dis- 
position, it is a vety^ formidable 
opponent when brought to bay, but 
the .stories of aggression on its part 
appear to be ill-fiiiinded. It rather 
avoids encounter with man, and nuikes 
off with great speed on his apjiroach. 

It is difficult !o keep the gorilla 
in captivity. Young specimens exhibit 
some docility for a time, but soon 
ino|)e and die. Adults can be tamed 
but unless expertly managed quickly 
die. Several gorillas have been kept 
in the London Zoological Gardens, but 
they seldom lived for long. 


THE LUNG-FISH GOES TO SLEEP FOR THE SUMMER 



In Africa. South America and Australia there lire fishes which are known as lun^-fishes, and Ihew have the Mange habit of going to sleep 
for the siuntner. Just as the winter sleep of animals in cold eUmates is called hibernation, so this summer sleep has been given the name 
of aestivation, from the Utin word for summer. The lung-fish, when the hot weather comes and the watew «» which ,t usually hves 
begin to diy up, retreats to the mud at the bottom and forms a chamb« m which it curls up ^ gom to siwp to^ually the river or lake 
drto completely, and the fish is left in a dry chamber. Sometimes the hard mud hat been dug out unth the fish in it and sent to Europe 
in a tin box, and ttiere the mud has been soaked in water and the fish has awakened and become active once more 
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THE GREAT POWER ^^^A GROWING PLANT 



The power which a plant has to grow is veiy remarkable. Of course, it must have suitable conditions and adequate food of the right 
kind, but, given these, it will grow healthily till it attains full size. If anything is in the way of its growth it will either take another 
route and grow round it, or push it out of the way Toadstools have been known to lift paving stones, and growing trees to split marble 
tombs. In the example shown here of a laburnum tree, the branch, when tender, grew in and out of the railings, and then, as it became 
stronger, lifted the railings bodily out of the ground, an interesting illustration of the power of a growing plant. The rate of growth 
of some plants is also very astonishing. A certain bacterium, the lowest form of plant life, produces two similar individuals in half 
an hour, and if the resulting plants survived and went on multiplying at this rate, it has been calculated that i6i millions would be 
produced in 24 hours, and in a few days the mass of bacteria from the single plant would be greater than the size of the whole Earth 


WHY LIVING PLANTS DO NOT DRY UP 


A i.ivin<; plant contains a very large 
proportion of water. Generally 
about three-quarters of its 
weight is water, ancl therefore large 
quant it it!S of water must pass through 
the ])lant so that the food solution in 
the soil on w’hich tlie plant feeds may 
b<* ^ arried to the leaves. 

'I’he plant gives off water from its 
leaves and growing 
shoots. <'r in other 
words it perspires, 
and it is m this way 
that tlu constant 
str<‘am ot water is 
k e ]> t )> a s s i n g 
through tlnr plant. 

Hut a jilant must 
not perspire too 
rapidly, or it will 
perish, and it is to 
protect the plant 
from the exeesMve 
evajKiration of the 
thiids within, that 
the outer bark or 
skin exists. 

Most trees an? 

})rovidt'd w 1 1 h a 
layer of < orky cells 


take one of the potatoes ami pare the 
skin from it. Ws put this potato 
back into the pan of the scales, togetlier 
with the peelings. It still weighs the 
same as the otlier potato. 

Hut we shall find if we leave it in the 
pan it will very sewn begin to lose 
weight and the other jK>tato will weigh 
it down. The loss of weight is due to 
the rapid evapora- 
tion of the potato's 
moisture, which 
goes on directly its 
outer covering is 
remov(id, and in a 
lew days it will bo 
very dry, its weight 
being much less. 

The passage of 
the water up the 
stem of a plant is 
through the woody 
tubes which m<‘n of 
science call fibro- 
vascular bundles. 
'* Fibrovascular” is 
a difficult word 
which simply 
means * * fibres made 
up of' little vessels.’* 


which serve this useful purpose, and 
other parts of the plant also have a 
protective covering. How valuable this 
covering is can be proved by a simple 
experiment which we can carry out if 
we have an accurate pair of scales. 

We take two potatoes of equal 
weight, testing this by putting them in 
the two pans of the scales. Then we 
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Two unpeeled potatoes of the same weight in a balance. When one is peeled it begins 
to lose moisture as shown on the right 
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Romance oF British History 



A GREAT SCENE ON A LITTLE ISLAND 

Magna Carta is the greatest charter o( English liberty In the nation's history. The way In which at the 
beginning of the thirteenth century all classes of Englishmen combined to wring justice from a mean 
tyrant Is a story, full of thrilling Interest which Is told here with vivid detail 


W HEN Richard of the Lion Heart 
died in Franco from thij etiects 
of a poisoned arrow woiinrl there 
was some tloulit tus to who would momil 
the Knglish throne. The rightful heir 
was rriiiee Arthur of Hrittany, the son 
of Jtichard’s brother, Cieoftrey, who was 
dead, but he was only eh*ven years 
old. John, a younger brother of 
Richard and (Geoffrey, determined to 
make himself king, and he seized the 
royal treasure and sent emissaries to 
England to win over the barons there. 

Those were rough days, and the 
English barons chos(! the grown- up 
iinck* in pn-ference to the youthful 
nephew', believing that lie would make 
a better leader for th(*m, 

lint John holds the distinction, if 
sucli it can Iv called, of being tbe* verv 
worst king that h'.ngland lia.s ever had. 
To-day it would lie dillicull it one 
search(‘d the annals of all 
nations to Inul any other 
ruler so utterly despicabk* as 
John. Possibly it is on ac- 
count of this reputation that 
we have never had a second 
King John 

The Foundation of Liberty 

Yet it is a fac t that in 
John’s reign the very coriier- 
.stone of the foundation oi 
Eugli.sh liberty Wrus laid, 

'Phis, of course, w£us not due 
to any virtue on the part of 
John but to his vicc.s. In 
slieer desperation all parties 
and classcis combined for the 
very lirst time to resist the 
monstrous extortions and 
oppre.s.non of the mean- 
spirited tyrant on the Ihroiw, 

John started by murdering 
his nephew Arthur w'ith his 
own hands. The crime roust'd 
the indignation of the people 
of Hrittany, and with the aid of the 
French, Normandy was invaded and 
several of John's castles captured. John 
disgusted his followers with Ins sloth- 
lul indifference, feasting and amusing 
himself daily instead of resisting the 
(juemy, and wlien he heard of disaster 
after disaster at the hands of ^ the 
French king ajl he could say was “ Let 
him alone. 1 shall one day win back 
all that he is taking from me now.” 

When at last nearly all his dominions 
in France had been captured by Philip, 
tht? French king, he became grently up- 
set and, we are told, cried and groaned. 

Hubert, the Archbishop of Canter- 
bury. died, and John now quarrelled 


W'ith tlie Po|x^ al>out his successor. 
The PofH‘ ap|K)iiited Stephen J^angton 
to the viicant see, a thing he had no 
right to do. but nevertheless Langtoii 
wa.s a splendid man for the f)ost, and 
although appointcMl by the Pojh* he 
always showed himself a patriotic 
Englishman, standing up for the rights 
of his country. 

John was so angry that ho forbade 
l.aiiglon to enter the country, and the 
r(‘sult of the quarrel W'as that the Pope 
laid the country under an interdict. 
This meant that all religious services 
were forbichlen. churches w'ere shut 
up, iio sacTaiueiits could be performed 
except the Uiptism of infants, no last 
rites celebrated for the dying, and that 
marriages had to take place in the 
churchyard in.stead of inside the church, 
and the dead had to be buried in roads 
and ditches without prayers. 'I’liis was 



The Barons swear to defend themselves against King John 


all very terrible to the people in John's 
day, for religion played a much larger 
part in the nation's life then than it 
does now, and anything like the with- 
holding of religious consolation caused 
fear and terror. 

In order to keep a hold upon hi.s 
nobles, John compelled them to give 
up to him their sons and nephews as 
hostages, and many of these he killed. 

He badly wanted money, so deter- 
mined to squeeze it from the Jews, 
and he had all the people of that race 
throughout England, young and old, 
male and female, seized and imprisoned, 
and where they would not give up 
Iheif money they were tortured. 


One ol them, the (!hief Rabbi of 
Piristol, although dreadfully ill-treated, 
refiLsed to give up anything, where- 
upon the king ordered his agents to 
knock out. one of the rabbi’s teeth 
every day until he jiaid io.chm) marks 
of Sliver b'cich day, for seven days, 
a tooth was knocked out. and then the 
poor man's agony was so great that 
as soon as they starte<l thf‘ operation 
on tJie eighth day, he reluctantly 
provided the money demaiuh'fl. 

John we*nt from bad to worse, and 
then the Po|>e excommunicated him. 
This meant that John was cut olf from 
the fellow'.ship of the (’hristian Church, 
and w'hen that happened a king’s sub- 
jects no longer ow'cd him allegiance and 
he could be deposed. IVople w’erc 
afraid to sit at the table of an excom- 
municated man or even to speak to 
him. and John now liegan to think he 
had gone too far, especially 
when the Pope announced 
that he would depo.se John 
and would transfer the crown 
to his old enemy I'hilip, King 
of France. John could not 
depend on his own warriors 
if a French army came into 
JCnglaiid, and ho therefore 
decidetl to submit to tlie 
Pope. In doing this he 
brought the eouiUry to a 
condition of al^ject humilia- 
tion which it has never 
suffered lieforc or since. 

The Legate Arrives 

The Pope sent a legatxj 
named Pandiilph, and to 
him, on behalf of the Pope, 
John handed over his king- 
dom, a thing he had no right 
to df), and agreed to hold it 
as a vassal of the Pope. 

No humiliation was spared 
in the ceremony before the 
John entered his presence 
unarmed, nung hini.self on his knees 
before the throne on which Pandulph 
was seated, and lifting up his joined 
hands, put them within those of the 
legate, swore leal^ to the Pope and 
paid tribute. It is even said he laid 
his crown at the legate's feet. 

One good result of John's submission 
to the Pojw was that Stephen Langton, 
the Archbishop of Canterbury, was now 
able to come into England and perform 
his duties. He became a great and in- 
spiring leader, and it is largely to him 
that wc owe that great landmark of our 
liberties, the Magna Carta, or Great 
Charter, of which we shall now hear* 


legate. 
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Jolm continunci iiis oppressions and 
extortions and cruelties, and at last 
things became so unendurable that the 
barons decided that s<nnething must be 
done to curb the wicked king. It was 
at this point that Archbishop Lang ton 
showed them a charter granted by King 
Henry the First, and caused it to be 
read aloud to them, granting to liis 
j)eopIc certain laws and liberties. U'he 
barons thereupon swore that they 
would insist on those liberties and if 
need be fight for them. Henry's 
charter was to be treaterl as a basis lor 
much-needed reforms. 

'J'heir rejire.sentative, Heottrey Fitz- 
I'eter, laid these claims before John in 
London, but when, soon afterwards, 
fieoflrey <Iied, the king exclaimed with 
glee : “ Now by the fe<*t of (rod I am 
for tin* first time king and lord of 
Kngland." 'Ihe king rarely spoke 
witfioiit a strange oath. John then 
went to France and attaiUcd the 
French king, tnit after the severe 
defeat of his allies In^ was coni])eIled to 
return to Mnglan<l, a (lisap])ointe(l man 


to the Po]X' and eight other persons, 
four of whom he was to choosii. while 
the other four were to bo selected by 
tin? barons. 

The time had gone by, however, for 
anything of this kind, and now without 
further parleying the barons openly 
threw off their allegiance and began to 
a.tt«ick various royal castles. Then they 
entcTed London, where the citizens 
ofHMK'd their gates readily and received 
the armed forces with great enthusiasm. 

John Loses Hfs Friends 

Other cities follow'od th(? same ex- 
ample, and John's supposed friends and 
followers began to fall off, till at last, we 
are told, he was left with only .seven 
knights, who were his sole siipi>orters. 
TJie commander of the barons' army 
was Robert Fit/- Walter, who was given 
the title of “ Marshal of the Army ol 
God and the whole ('hurch." 

It inu.st be remeinlw^reil that the 
barons were really lighting for their 
own cause and not for the lilxjrties of 
the ]ieoj)le of ICngland as a whole, but 


firmness and determination of the 
barons, but more so by the armed force 
which he knew was at their back, 
surrendered and agreed to the demands 
set forth in a list of forty-nine articles 
drawn up in detail on the spot. Wax 
was at hand, and the barons, leaving 
nothing to chance, insisted on the king 
sealing the document with his Great 
Seal. 

We often read about John signing 
Magna Carta, and there are paintings 
showing the king putting his name to 
the document with a quill pen. Hut 
that, of course, is nonsense. He could 
not write. No king of England could 
write before Kicharcl the Second. Magna 
CarUi was not '* signed " at Kunny- 
mede, but " sealed.*' It is said that the 
actual sealing took place on a little 
island ever since known as Magna 
Carta Island, lying off Runnyinede. 

'riiis famous flociiiiierii you may see 
in the Briti.sh Mii.seiim. It is in a 
running hand and seems to have been 
written very quickly, though carefully, 
as the discussions proceeded. An 


{rXTiifJfitfiw ^ Anno if- c«»i« utT wefciwAttlw vtav \ ndryniier 
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The last words of Magna Carta, given here in facsimile, by courtesy of the British Museum. The last line translated reads: Given 
by Our hand in the meadow which is called Runnymede between Windsor and Staines on the Fifteenth day of June in the Seventeenth 
year of Our reign." The Charter was sealed, not signed, because John could not write 


Nearly all the barons of England were 
now joined together in their determina- 
tion to make John restore their ancient 
liberties, and they decided that they 
would draw up a great charter, and 
unless the king sealed it with his own 
seal they would make war upon him. 
John tried to .sow jealousy among the 
barons and the clergy, but he failed, and 
afti^r receiving a. ileputation from the 
barons in which they repeated their 
claims, the king asketl for a truce for 
about three months. 

The Tyrant Begins to Tremble 

Again the barons met, this time with 
thi'ii arms, at Brackley, in Northamp- 
lonstiire, and prepared tlieir claims for 
pie.sentalion to :he king, who was at 
Oxford. 

They came before him and said : 
" These are our claims, and if they are 
not instantly granted fair arms "shall 
do us justice." The fury of Hie king 
was terrible to see. " Wliy do they 
not demand my crown also ? " h(‘ cried, 
and then with a great oath he added, 
" 1 will not grant them liberties which 
will make me a slave." 

However, the feeling against the king 
was spreading even to the poorest 
p(‘ople, and the lyiant now began to 
tremble not only lor his throne but for 
his life. In unler to gam time lohii 
suggested that the e lain is of the l>;irons 
should be rcf<;rn»d for arbitration 


they realised that it would be wise to 
get all the support they could, and so 
thcjy joined witii themselves the clergy 
and tlie ordinary ]HJopIc, and thus in 
tlie charter which they presented they 
demanded rights and liberties for the 
whole nation. 

John saw that the game was up, and 
therefore agreed to meet the barons. 
Jt is one of the most famous and 
dramatic iiu»etings in all llistor\^ 

'J'he king was staying at Wind.sor, 
and the barons with their supporters 
had gathered at Staines, so a place was 
selected for the meeting about half-way 
between. I i still exists, a broad meadow 
by the side of the River Thames about 
three miles from Windstir, and its name 
of Runnyinede, meaning " the meadfiw 
of counsel or speech," stands out with 
dazzling brilliance on the page of 
English history. 

l‘ 3 aiiy on the morning of June 15th 
in the year 1215, twenty-five of the 
barons went to the meadow, taking 
witJj them a list of the grievances that 
they were now determined should be 
set right. The king arrived from 
Windsor, and then discussions began. 
No doubt those were angry, and the 
king again .sought delay. Hut his 
ixnverful opponente this time were not 
to be put off. 

'Throughout the day the arguments 
went on, and before nightfall John, 
now thoroughly overawed by the 


mdii.slrions clerk would be able to 
perform the task in a few hours. 

During tlie next thn‘i* days the king 
and the barons continued to meet at 
Runnymede and adjusted various de- 
tails. During this time several copies 
of the document, which came to be 
known as the CJreat ('barter, were 
prepared, and on June icith ever>'“ 
thing was settled and the twenty-five 
barons were appointed as exec u tors to 
see that the king did not break his 
word. All parties took an oath to 
abide by the terms of the C'harttT, and 
copies were sent to various places to 
be read to the people. In addition to 
the one, already referred to, in the 
Hrilish Museum, there is a sealed copy 
at Lincoln Cathedral and another one 
at Salisbury Cathedral, while a fourth 
copy is at the Rritish Museum, on 
which no trace of the S<*al is left. 

A King With a Heart of Stone 

Although John agreed to the Charter 
only under compulsion, there were 
tho.se who really believed that he h.ad 
scaled it willingly. An old historian 
tells us that the l)arons exulted in the 
belief that " God had com]Xissionately 
touched the king's heart of stone and 
given him one of flesh," and, further, 
that they believed that " he was happily 
inclined to all gentleness and peacc.’^' 
'J'he same historian, however, tells us 
that some of the (leoplc round the king 
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said, with laughter and icers, as he 
scaled the Charter, that he was no 
longer a king but a slave and scum of 
the people. At this he fell into a rage, 
gnashed his teeth, scowled with his 
eyes, and seizing sticks and limbs of 
trees, began to gnaw them. 

Directly the meeting at Ruimymedc 
broke up John was furious that he had 
sealed the famous document. We are 
told that he was “ constantly raging, 
biting and tearing his nail.s, and mutter- 
ing. and gnashing his teeth, cursing his 
fathcjr and mother, raving and saying 
that he had twcMity-five kings 
set over Ijirn.” 

He certainly had no inlot^- 
tion of keepiijg his promise, 
and at once increased his 
pai<l retainers and asked 
Philip of France and the Pope 
for help against the barons. 

'I'he Pope took John’s side, ex- 
communicated the l)arons, and 
laid London under an interdict. 

Hut by this time the people 
had got used to this sort of 
thing, and treated the Pope’s 
threats with contempt. JCven 
the priests would not publish 
IhlMU. 

John went about the \Ve>.t 
of Kngland, pillaging and 
destroying till ho had lost 
nearly' all his remaining friends. 

Finally, he retuint'd to the 
F.ast<*ni counties, lost all his 
baggage while cnxssing the 
River Wollaml where it runs 
into the Wash, ami being much 
upset by this disaster and by 
over-eating and drinking, he 
fell ill and died little more 
than a year .ifter sealing tlie 
Charter. 

Rights given to All 

What was the Great Chaiter 
which John sealed, and which 
has meant so much to ICnglish- 
men in the seven centuries 
that have followed ? 

Well, it was won by a com- 
bination between all classes of 
freemen and gave rights to all 
of them. The Church was 
to lie free and its privileges re- 
spected. the feudal rights of the nobles 
were to be observed, the privileges of 
the towns were guaranteed, merchants 
were to lx? able to travel freely and 
carry on their business without inter- 
ference, and justice w^as to be meted 
out to all citizens. 

One article of the Charter says. “ To 
none will we sell, to none will we refuse, 
to none will we delay Right and 
Justice.” Another article says, ” No 
freeman shall be arrested or imprisoned 
or dis])ossessed of his tenement or 
ontlaw'ed or exiled or in any way 
proceeded against unless by the legal 
judgment of his peers or by the law of 
the land.” Peers, of course, means 
equals, and this was the beginning of 
trial by jury. Still another article 
declares, “No freeman, merchant or 
villein (that is husbandman) shall be 


excessively fined for a small offence ; 
the first shall not be deprived of his 
means of livelihood, the second of his 
merchandise, the third of his imple- 
ments of husbandry.” 

Much of the Magna Carta holds good 
to-day. an<l it is interesting to see how 
it works. One example will serve. 
Some years ago a poor woman in Lon- 
don owed money to a man. and as she 
could not pay he went to law and got 
an order from the judge enabling him 
to take from the woman enough 
property to set tle his debt. ’ 


The woman was a seamstress and 
eatued her living by her sowing mach- 
ine. When the creditor sent l>ailitVs to 
seize enough properly to pay the debt 
the.se men took the sewing machine, 
whereupon the woman went to the 
magistrate and told him what liad 
hai^fK^ned. The magistrate declared 
at once that the law liad lH?cn broken, 
and he ordered the creditor to give 
back the sowing machine and pay the 
woman a .sura of money for having 
broken the law. The baih’ffs acting 
for the creditor had infringed Magna 
Carta, and the poor woman, claiming 
her rights under the Great Charter, 
was supported by the magistrate and 
obtained damages. 

We can see that it is a wise rule that 
men and w'omeii should be allowed in all 
circumstances to keep the tools by 


which they earn their living It is 
one of the articles of Magna Liarta, 
already quoted, which enforces this. 

It is interesting to know that this 
lamous document was not at first 
called Magna Carta, or the C^reat 
Charter. It was s]X)kcn of as Carta 
Libertatum, or the Charter of Liberties, 
and it was also named Carta Huron uin, 
or tlie Charter of the Baron.s Not 
until the succeeding reign of Henry III 
was it called the Great Charter, and 
then, strangely enough, the adjective 
**( 5 roat” was given to it. not because 
of its merits and importance, but 
because of the size of the parch- 
ment on which it was written. 

It was called Magna Carta 
because it was larger than a 
Pfirva Carta, or IJttlc Charter, 
granted by Henry in 1237. 

Indeed, after the Great 
(‘harler liad established itself 
as part of the law of the land, 
it was almost forgotten. Only 
when the Stuart kings tried 
once more to filch a\vay the 
liberties of the people was the 
Great Charter again invoked. 

A Corner-stone of Liberty 

Its title of Grc‘at was now 
understood in a far higher si.*nse 
than in Henry Ill’s reign It 
came to be realised how much 
the nation owed to the ('barter 
of the Harons, and it grew 
in im]>ortaiice in the popular 
imagination. Jn fact, one 
great constitutional historian, 
Dr. William McKechnic. says: 
“In many a time of national 
crisis the Magna (.'arta has been 
a]>pealed to as a fundamental 
law too sacred to be altered — as 
a tiilisrnan containing some 
magic spell ca])ablc of avert- 
ing national calamity.” 

We do not want to have any 
false notions of this kind about 
Magna ('arta, but we should 
reali.se that its value depends on 
the nature of its provisions, and 
that tliese are just and moderate, 
set foTlli in clear, straight- 
forward language, and that they 
have commended themselves to 
all right-thinking Englishmen in the 
ages that have followed 

Much of Magna ("arta remains as 
part of the law of England even now, 
and it is still the safeguard of our 
lilxirty. Mr. Rudyard Kipling puts the 
matter very tellingly in his poem 
” The Reeds at Runnymede.” He urges 
us to remember the great event of 12 13 . 

Porget not alter all these years 
The Charier signed at Knnnymedc. 

And still when Mob or Monarch lays 
Too rude a hand on Kngtish ways, 

The whisper wakes, the shudder plays 
Across the reeds at Kunnyiiiede. 

The great document will never be for- 
gotten, for it is ever in the minds and 
memories of lil)erty-loving P-nglishmen. 
Magna Carta is the glorious heritage 
of every English boy and girl to-day. 



King John gives his consent to Magna Carta at Runnymede 
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WAYS IN WHICH WE USE THE WHEEL AND AXLE 



The wheel and axle is a very useful device of the lever type, by which a small power exerted through a great space can produce a great 
pcmer acting through a small space. It consists, as its name implies, of a wheel attached to an axle, and is really a continuous lever. Its 
principle is shown in the first picture, where a small weight acting on the large circumference of the wheel will raise a large weight on 
the small circumference of the axle. Various examples of it are given on this page. x. The principle of the wheel and axle. a. Worm 
gear windlass. 3. Wheel and axle, with toothed wheel worked by another toothed wheel. 4. Treadmill. 5. Windlass of well. 

6. Capstan of ship. 7. Differential wheel and axle, also called a Chinese windlass. 8. Donkey wheel for raising water 
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Marvels oF Machinery 



THE VALUE OF THE WHEEL AND AXLE 

The most complicated machinery is based on simple principles, and it is interesting to see these principles in 
their elementary form and to realise how much they come into everyday use. One of these principles is 
known as the Wheel and Axle, and in these pages we read about its great use to mankind and see many 

examples of how it is brought into daily service 


T he value of the lever in helping 
man to do his work in comfort 
and ease can be recognised even 
by thosci who know practically nothing 
of mechanics. In sonic form or other 
we all use the lever every day and 
every hour. 

ICven the newly born infant, when 
it moves its arms, is making use of the 
principle of the lever, and not only 
does elaborate machinery embody the 
principle, but even the simplest devices 
and operatkms. Scissors, tongs, pliers, 
pincers, nutcrackers, keys, and scales, 
as we see on page 4, are all levers, aiul 
even the children, when they play see- 
saw and push a wheelbarrow, or dig in 
their little gardens, arc using the prin- 
ciple of the lever. 

An ingenious development of the 
lever is known as the wheel and axle, 
and it comes into many operations of 
daily life. It is really a continuous 
lever, and bears the same 
relation to the ordinary 
simple lever such as the 
crowbar or pump handle, 

I hat a t urbine engiiu* bears 
to an ordinary reciproca- e, 
ling or to-and-fro engine 
with cranks. 


A Working Advantage 

The wheel and axle con- 
sists of two cylinders with 
tlie same axis, but with 
one cylinder larger than 
the other. The large 
cylinder is known as the 
wheel, while the smaller 
one is called the axle. 
There is no definite pro- 
fiortion between the sizes 
of these. There may be a 
great difference with the 
wheel very large and the 
axle very small, or on the 
other hand there may be 
not much difference in the 
diameters of the two. 

The value of the wheel 
and axle, however, as a 
machine giving a great 
working advantage to the 
man who uses it. is in 
there being a considerable 
difference in* the diameters 
of the wheel and axle ; the 
larger the wheel in propor- 
tion to the axle the greater 
being the mechanical 
advantage. Let us see the 
principle of this very useful 
mechanical device. 


In its simplest form we see the wheel 
and axle in the windlass by which water 
is drawn up fnnn a well, or a heavy 
pail of material from a pit or mine. In 
this case a handle is substituted for 
the wheel, but the principle is, of course, 
the same. In the domestic mangle the 
wheel is retained and the handle 
attached to the wheel. 

In the windlass the rope by which 
the pail is drawn up is wound round the 
circumference of the axle, and by means 
of a handle (corresjKinding to a* wheel) 
attached to the axle, is turned round 
and round. At each turn of the wiieel 
the axle also makes one turn ; but, of 
course, any point on the circumferc*nce 
of the wheel passes through a much 
greater distance than a point on the 
circumference of the axle. The result 
of this is the same as when one? arm of 
a bar le\'er is much longer than the 
other arm. The hand moving the long 












The wheel and axle is used in an infinite variety of machinerv, and 
here we see it in action in the pump that supplies air to a diver while 
he is under the water 


arm of the lever piisscs through a mucli 
greater distance than the weight is 
raised by the other arm. So in the 
windlass the weight or power applied 
to the wheel raises a much greater 
weight or asserts a much greater power 
by means of the smaller axle. 

A.s a device, the wheel and axle gains 
in power in proportion as the circum- 
ference of the wheel is greater than that 
of the axle. Thus, supposing the cir- 
cumference of the wheel to be ten times 
that of the axle, then a force or weight 
equal to one pound attached to the 
wmeel will balance ten pounds attached 
to the axle. 

Another adaptation of the wheel and 
axle is the capstan of a ship, but here 
the place of the actual wheel is taken 
by spokes. In the bicycle we see the 
principle of the wheel and axle in the 
treadles and driving wheel around 
w'hich the chain turns. The first pic- 
ture on the opposite page 
showing the wliecl and 
axle in its simplest form 
helps us to understand luvw 
this device forms a lever. 

The radius of the wheel 
is the large arm of the lever 
and the radius of the axle 
the short arm. 

Law of the Lever 

The laws relating to the 
wheel and axle arc practi- 
cally the same as those of 
the simple lever, the force 
applied to the wheel having 
exjictly the ssime relation 
to the weight raised by the 
axle as the radius of the 
axle bears to the radius of 
the w'heel. To put it in 
another way, if the radius 
of the axle is three inchc»s 
and the radius of the wheel 
twelve inches, then a force 
equal to one pound applied 
to the wheel will balance a 
weight of four pounds on 
the axle. Mathematical 
people would say that the 
power multiplied by the 
radius of the wheel is equal 
to the weight raised mul- 
tiplied by the radius of the 
axle. This may sound a 
little complicated, but it is 
really easy to understand. 
Of course, in using the 
:hinerv, and wheel and axle the work 
[ diver while done is not alwws that of 
raising weight. Sometimes 
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we apply a small force at the wheel in 
order lo exert a larj'e force at the axle. 
The best example ot this use of the 
valuable device is in the mangle or 
wringer whicli we see used in our homes 

A great deal of force is recpiired to 
wring the water out of 
freshly waslted clothes, 
or to sin(M>th out the 
creases after they have 
been rough dried. Such 
a force applied directly 
would be beyond the 
powers tlie maid or 
washerwoman, but by 
using the mangle in 
w'hich the rollers are the 
axle, and the handle tlie 
wheel, we are able to 
exert the n e c e s s a r y 
pre.ssure at the rollers 
by means of v<*ry inuc'h 
less force at the handle. 

The old treadmill 
used in prisons, the de- 
vice for using water at 
Carisbrooke Castle in 
which a donkey turns 
the wheel, spits for 
roasting that were 
turned by small dogs, 
arc all examples of 1 he use of the wheel 
and axle. 

It IS also brought into service in 
many forms of crane. Sometimes the 
power is applied by human hands and 
arms turning a handle or wheel, and in 
other cases it is applied by nutans of 
a band roiind the wheel worked by 
.steam or other powvr. At other times 
the wheel may have teeth or cogs at 
its circumference and it may be turned 
by a smalUT cogwheel w'orking in con- 
junction W'ith it. 'I he device known as 


a Chinese w'indlass is another adaptation 
of the wheel and axle. 

A still furtht?r adaptation is seen in 
Hie trains of toothed wheels which are 
used in raising great weights by the 
exerlitm of a very small ]x>w'er, as in 


screw'- jacks, crab -winches, and so on. 
And still another use of the wheel and 
axle is in clocks and watches, where 
chatiges in vclocitv or power are ob- 
tained by such trains of wheel work. 

No one knows who invented this very 
useful contrivance. It was probably 
discovered very early in the world's 
history, just as the lever was discovered. 
But, of course, there is much more 
evidence of invention in the wheel and 
axle than in the ordinary bar lever. 

'fhe advantage of the ordinary lev'er 


was probably discovered rather than 
invented, whereas the wheel and axle, 
even in its simplest form, is a distinct 
invention. It does not exist ready-made 
in nature as does the simple lever. 

We honour men like Thomas Alva 
ICdison and Janies 
Watt and Sir Richard 
Arkwright for their very 
valuable inventions in 
machinery, but we 
rarely give a thought 
to those men who in- 
vented the simpler 
devices in far away ages, 
which have enabled the 
inventors of later days 
1 o produce such wondcr- 
fiil machines. 

Wc think of the men 
of to-day w’ith their 
ingenious* and compli- 
cated contrivances, like 
printing machines and 
motor-cars, as being 
much cleverer than 
those men of old, but 
of course this is not the 
case. The unknown men 
of the tw*ilight of his- 
tory, who first thought 
of ideas like the wheel and axle, were 
really cpiito as clever, if not more so, 
than the later inventors of more com- 
plicated machines. 

They had no earlier inventions to 
serve by way ot inspiration, whereas 
there is no doubt that in these days 
invention breeds invention, and one 
clever device will give an idea to 
another inventor for a machine lo do 
quite ditferent work. Let us honour 
the known inventors of to-day, and not 
forget the unknown men ol the past. 



The pedal of a bicycle is a familiar example of the wheel and axle 
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HOW AIR IS TURNED INTO A LIQUID 



The machine that changes the air we breathe into a liquid like water 


T bk air we breathe is 
quite invisible to 
us, and except when 
the wind is blowing hard 
we rarely notice it. Yet 
it can be changed from a 
gas into a liquid. The 
picture on this page shows 
how this is done. 

The principle depends 
upon the fact that when 
a gas is compressed its 
temperature always rises, 
and when it expands its 
tcmi>cratnrc falls. During 
expansion it is really 
working and so giving 
oil energy in the lorni 
of heat. 

Air Under Pressure 

• A pump worked by 
some form of jiowor, such 
as steam or electricity, 
is connected with a coil 
of pijie surrounded by 
ct)kl running water shown 
on the right. The puni]) 
draws in air through 
a valve* from the pipe, 
shown in the middle 
of the picture. It llien 
forces this at a j>ressurc 
of about 200 atmospheres 
through another valve, 
seen on the right, and into 
the ('oil in the top right- 
hand j>art of the picture. 

Here the air is cooled 
to the tcmi)erature of 
the cold water running 
outside the coil. U 
passes lip into a small 
pipe which runs in.sidc a 
liirgcT pi])c round which 
cold water is also ('irculating. This is 
shown on the left of the picture. 

At the end of the small pipe the air 
passes through a valve and expands, 
entering a vessel or chamber. Then it 


enters the larger pipe ot the coil and 
ascends, passing outside the small pipe 
and down into the pump once more. 
Again it is pumped through the coil 
on the right ami the whole process 


goes on again and again 
without cessation. 

When the air expands 
in the v esse? I at the 
bottom left-hand corner 
of the picture, it gets 
cooler because it gives 
up heat, and so as it 
ascends through the outer 
coil it is able to cool the 
air in the inner coil. At 
last the air in the inner 
coil becomes so cold 
that it reaches a tem- 
perature of alx>ut - 182 
degrees Centigrade, and 
condenses into a liquid. 
It is then drawn on by 
a tube and tap. 

'Jo make a cubic inch 
of liquid air, about half a 
cubic foot of ordinary air 
is required. As the air is 
lirpiefied, fresh air passes 
through a pipe? to the 
pump from outside. This 
pipe is shown in the top 
right-hand corner of the 
drawing. 

Keeping Air Liquid 

When air was first 
liquefied the problem was 
to keep it and transport 
it in that condition. 
Obviou.sly if it came in 
contact with the ordinary 
tem|x*ratures of the air 
we breathe, it would at 
once change back into a 
gas. Sir J aines Dewar, the 
great British physicist, 
solved the difliciilty by 
placing it in a kind of 
thermos flask. This ivas a 
vessel with double walls and the space 
between the walls consisted of a 
vacuum. This served as a perfect insu- 
lation, and such vessels are now used for 
the pur]>ose of keeping air liquid. 


HOW THE QUARRYMAN SPLITS THE ROCKS WITH WATER 



The quarryman in some parts uses water to rolit the massive rocks. He first makes a crack or groove with a pickaxe, as shown on the 
left, and then inserts a number of wedges. "When the wooden wedges are in place the quarryman pours water over them, as in the centre 
picture, till they are saturated. The result is that they swell, and as the crack is not big enough to allow for this, they gradually make 
It wider. At last the small crack made with the pidtaae has been enlarged so much by the gradually swelling wedges that a block of 
stone Is parted completely from the rocky bed or mountain side, as shown on the right 
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TWO TYPES OF MODERN LOCOMOTIVE 



A modem locomotiye is a triumph of engineering skill, although it is still built more or less on the principle laid down by George Stephenson 
in his little Rocket. This picture shows a locomotive of the Castle class on the Western Region of British Railways. The burning 
coal in the furnace sends flame and hot gases through pipes round which the water circulates. This water is heated and turned into 
steam, which rises to a dome and passes through a steam pipe into the front end of the cylinder. Here it forces back the piston, which 
by means of a piston-rod and crank, or driving shaft, turns the engine’s driving wheels, which are linked together . As the wheels rotate 



Thte engine on the Eastern Region of British Railways is different from the one above* Here the water circulates in tubes and the flames 
Md hot gasm of the furnace pass round them, turning the water into steam, which rises and goes into the main steam-drum, Ap^and 
mence into four other steam-drums, two on either side of the engine. Two of these on the side of the engine nearest to us are marked 
B and C in the drawing. From the drums the steam passes through a super-heater, where it is dried, and the temperature still further 


166 










AND HOW THEY HAUL THE TRAIN 



they work a $eries of leyers, which moye a slide yalye so that steam can now enter the back end of the cylinder and driye the piston 
forward. As the yalye goes to and fro, steam is let in alternately Arst at one end and then at the other end of the cylinder, so that the 
piston moves backwards and forwards at a rapid rate. The steam, after it is used, passes through a blast pipe situated near the steam 
pipe, and escapes through an exhaust pipe into the smokebox, and thence through the funnel into the air. The rushing of the waste steam 
from the blast pipe includes a powerful draught and makes the furnace burn more fiercely. There are hand and power-operated brakes 



raised. It then goea to the cylinders and drives the pistons, which turn the wheels as in the type of engine shown in the top drawing. 
In order to ti^e the furnace bum more fiercely a stream of hot air rushes up from under the grate. Cold air enters the front of the 
engine and passes oeer the casing of the boito, where it is warmed before entering the furnace. A relief driver and fireman are carried 
on the train, and half-wi^ on the Journey they go to the cab of the locomotive through a narrow corridor at the side of the tender 
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A PEAK VANQUISHED BY ENGLISHMEN 





S! Sfttaldta *1“ "*®** ““po*"** P«^ in the whole of the Alps. From the Swiss 

fa w “ “ •"*? CM be seen from the other side. It 





THE CONQUEST OF AN ALPINE PEAK 


No matter how formidable Nature may show herself, man is always determined to conquer her. There was 
a time in his history when he feared the mountains, but now peak after peak is attacked by climbers and one 
after another is conquered. One day Everest itself, the highest mountain in the world, will be scaled. In 
these pages we read the thrilling story of how the Matterhorn, one of the great peaks of the Alps, was conquer^ 
by an English party of climbers who were the first to reach the top 


I N ancient times the great masses ot 
the Alps were regarded with 
terror. They were tliought to be 
the abode of gods, many of whom were 
far from friendly to the human race, 
and the valleys were inhabited in the 
{popular imagination by all kinds of 
supernatural beings. Ilie dark shadows 
cast by the peaks, the roaring of the 
mountain torrents, the crashing of the 
avaliiiiche, all struck terror into the 
hearts of those who lived or travelled 
in such a region. 

Man feared the mountains 


its slopes facing Switzerland on ‘one 
side and Italy on the other. 

It is to an' Englishman. Mr. Edward 
Whyinpc*r, that the honour is due of 
having first climbed to the top of the 
Matterhorn. It had always been re 
garded as absolutely unciimbahle, but 
Mr. VVhynipcr made up his miiul in 
1861 that he wouhl attempt to conquer 
the difficult peak from the Italian side. 
Of the many guides who lived round 
about the mountain only one named 
Carrol tlicuight this was possible f)ne 


guide, whim asked to accompany him, 
replied : “ Why don’t you try to 

go up a mountain which can lx* 
ascended ? ’* 

Again and again did Edward Whym 
per try to climb the Matterhorn, some- 
times with guides and on one occasion 
quite alone. On that occasion he 
reached a greater height than any yet 
attained. l)ut corning down he fell and 
was whirled over and over in a series of 
bounds, each longer than the last, 
ov(*r ice and rocks. 

He .struck his head four or five 


largely because he did not 
understand them. But as the 
centuries passed the mountains 
became more and more lamiliar, 
their character and formation 
were imderstixrd , and so far from 
being a place of terror the Alpine 
region is now spoken of as the 
Playground of h'uroiro. 

Bids for Victory 

I'-vcry year thousands of 
pi'ople make their way to Switz- 
erland to take part in winter 
sports or to climb the peaks in 
summer. No mountain is too 
higli or too steep or too for- 
bidding to scare the moun- 
taineer, and one after miothcr 
the peaks are conquered and 
mountain-climbers are now as 
” thick as autumnal leaves that 
strow the brooks in Vallom- 
brosa.*' 

Having conquered the Alp.s, 
the highest peak of which is 
rather less than 16,000 feet, men 
are now attacking the loftiest 
mountains in the world. Mount 
Iwere.st and its companions, 
which arc nearly twice the height 
of Mont Blanc. 

The conquest of the moun- 
tains has not been easy. Many 
a gallant mountaineer has kxst 
his life in the contest, but sooner 
or later the thrill of victory has 
come, as it w'ill one day, no 
doubt, to those who try to van- 
quish Mount Everest. Victory 
rarely comes at the first or 
■second attempt, and on many 
of the Alpine peaks assault after 
assault has been directed before 
the topmost pinnacle was 
reached. 

One of the greatest triumphs 
of the mountaineer was the con- 
quest of the Matterhorn, a for- 
bidding peak of 14.705 feet, with 



An English party reaching the peak of the Matterhorn 
for the first time. The picture shows how climbers are 
roped together and how, where the rope becomes slack, 
it is caught up in the hand, so that if a climber slips he 
does not fall far 


times, and the final bound sent 
him spinning in a leap of fifty or 
sixty feet, from one side of a 
gully to tlic other Ho bounced 
over the rocks, but managed to 
come to a halt on the verge of 
a precipice, while the crash of 
rocks which he had started fell 
on the glacier below. Ten feet 
more and VVhympcr would have 
been hurlixl 800 feel on to the 
glacier 

Joining Forces 

This experience, however, did 
not damp his ardour He finally 
reached safety, and the following 
year made another attack on the 
Matterhorn, but without success. 

Ill t 8()5 he made his eighth 
and last attempt on the Italian 
side, which convinced him that 
while it looked le.ss steep than 
the Swiss side it was really more 
difficult. He determined, there- 
fore, to make luiolher attempt 
on the Swiss side. 

When he got to Zermatt to 
make arrangements, he found 
that another expedition, con- 
sisting of a Mr. Hudson and his 
young friend, Mr. Hadow^ had 
already engaged one of the 
guides he had decided upon. 
Whymper had been joineil by 
I^rd Francis Douglas and had 
engaged a guide named Taug- 
walder and his two sons. It 
was thought better to join 
forces, and so the two expedi- 
tions l>ecame one. 

On July 13th, 1865, at half- 
])ast live” on a brilliant and 
cloudless morning, the cxi>edi- 
tion started. There were eight 
in all — the guides Croz and 
Taugwaldcr, the two sons of 
Taugwaldcr who were taken as 

S >rters and carried provisions, 
r Wliymper, Lord Francis 
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Douglas, and Messrs. Hudson and 
Hadow. 

On the first day the party travelled 
in leisurely fashion and reached a 
position at a height of ii,ooo feet, 
where they fixed a tent in a protected 
spot. Croz and young Peter Taug- 
walder were sent a little farther on to 
see what was above, so that prepara- 
tions could be made for the following 
iTtorning. When they came back they 
declared that there appeared no difli- 
ctilties and that the party could easily 
reach the summit. 

The next day the whole party started 
as sw)ii as it was light enough to sec. 
Young Peter Taugwaldor went with 
the party now' *is a guide, while his 
brother returned to Zermatt from which 
the expedition had started. 

Good progress was made. Sometimes 
Edward Wliymper led and sometimes 
Mr. Hudson. One or tw'o halts were 
made, and then at a height of 14,000 
feet travelling became much more 
difficult. The slope of 
the mountain was much 
more acute, and the 
snow was i n m any 
places covered with a 
film of ice. There was 
a gootl deal of doubling 
back, but nevertheless 
steady progress was 
made towards the top, 
and then after a stride 
r o u n <1 an awkward 
corner it was seen that 
nothing but 200 feet of 
easy snow remained to 
lie surinoiinted 

Intense Excitement 

Now two days before 
Whymper’s party had 
s t a r t e d, a party of 
seven Italians with the 
guide, Carrel, had 
started from the Italian 
side, and, of course, the 
Englishmen were tor- 
merited with anxiety 
lest these might reacli 
the top first. 

" All the w'ay up,” 
says Mr. WhyinjwT, ” wre had talked of 
them and many false alarms of men 
on the summit had been raised. The 
higher we rose the more intense became 
the excitement. What if we .•^hould be 
beaten .it the last moment ^ I’hc slope 
eased off, at length we could be de- 
tached, and Croz and I dashing away 
ran a neck-and-neck race, which ended 
in a dead heat. 

** At 1.40 p.m. the world was at our 
feet, and the Matterhorn W'as con- 
quered. Hurrah I Not a footstep could 
bii seen. It was not yet certain that w’e 
had not been beaten, 'J'he summit of 
the Matterhorn was formed of a nulely 
level ridge about 350 feet long and the 
Italians might have been at its farther 
extremity. 

“ 1 luistened to the .southern end, 
scanning the snow right and left 
eagerly. Hurrah again ! It was un- 
tr^deri Where were the men ? 


'* I peered over the cliff, half doubt- 
ing, half expectant, and saw them 
immediately — mere dots on the ridge 
at an immense distance below. Up 
went my arms and my hat. 

” ' Croz ! Croz ! ^me here I ' 

” ' Where are they, monsieur ? * 

" ‘ 'J'here 1 Don't you sec them — 
down there ? Croz, we must make 
those fellows hear us ! ' 

A Flag of Victory 

” We yelled until we were hoarse. 
The Italians seemed to regard us — we 
could not be certain. 

** ‘ Croz. we must make them hear u.s ! 
They shall hear us ! * 

** I seized a block of rock and hurled 
it down, and called upon my com- 
panion in the name of friendsliip to do 
the same. W'c drove our sticks in 
and prized away the crags, and soon a 
torrent of stones poured down the 
cliffs. There was no mistake about it 
this time. The Italians turned and fled.” 



These were all fastened together with 
a rope, and then Whymper tied himself 
to young Peter Taugwafder and joined 
the others. 

The descent was begun with great 
care, only one man moving at a time, 
and when he was firmly planted the 
next advanced, and so on. At first 
Whymper and young Taugwalder 
were cfetachcd from the others, but 
later they tied on to old Peter. And 
now a terrible thing happened. Mr. 
Whymper must tell the story himself : 

”*A few minutes later a sharp-eyed 
lad ran into the Monte Rosa Hotel, to 
Seiler, saying that he had .seen an 
avalanche fall from the summit of the 
Matterhorn on to the Matterhorn- 
gletscher. The boy was reproved for 
telling idle storias. He was right, 
nevertheless, and this was what he 
saw. 

“ Michel Groz had laid aside his axe 
and, in order to give Mr. Hadow 
greater security, was absolutely taking 
hold of his legs and 
putting his feet, one 
by one, into their 
proper positions. So 
far as I know, no one 
was actually descend- 
ing. 1 cannot speak 
with certainty, because 
the two leading men 
were partially hidden 
from rriy sight by an 
intervening mass of 
rock, but it is my belief, 
from the movements 
of their shouldt^rs, that 
Croz, having done as 1 
have said, was in the 
act of turning round to 
go down a step or twf) 
himself. At thi.s 
moment Mr. Hadow 
slipped, fell a g <i i 11 s t 
him, and knocked him 
over. 


The picture on the left shows the proper way to go up or down a mountain, and 
the picture on the right shows the wrong way to do this 


The other members of the English 
party reached the top, a tent pole was 
stuck in the snow for a flag mast, and 
Croz, taking off his blouse, fixed it as 
a flag to the stick. It was seen from 
all round the base of the Matterhorn 
from Zermatt and from Brcuil on the 
Italian side. There tlie watchers cried 
cxultingly, ” Victory is ours ! ” And 
they raised cheers for C^irrel and for 
Italy, for they naturally supposed that 
the party which had started a few days 
earlier from Brcuil had reached the 
summit. It must have been a bitter 
di.sapjx)intment on the following day 
when they learnt the real truth. 

Beginning the Descent 

The descent now had to be made, and 
it was arranged that Croz should go 
first, Hadow (who was inexperienced) 
second, Hudson third. Lord Francis 
Douglas next, and old Peter after him. 
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The Rope Breaki 

“ 1 heard one startled 
exclamation from Croz, 
then saw him and Mr. 

Hadow flying down- 
wards ; in another moment Hudson 
was dragged from his step& and Lord 
Francis Douglas immediately after 
him. All this was the work of a 
moment. 

" Immediately we heard Croz's ex- 
clamsition, old Peter and I planted 
ourselves as firmly as the rocks would 
I)ennit; the rope was taut between us, 
and the jerk came on us both as on one 
man. We held ; but the rope broke 
midway l)etwcen Taugwalder and Lord 
Francis Douglas. For a few seconds 
we saw our unfortunate companions 
sliding downwards on their backs and 
spreading out their hands, endeavouring 
to save themselves. They passed from 
our sight uninjured, disappeared one 
by one, and fell from precipice to preci- 
pice on to the Matternomgletschcr 
below, a distance of nearly 4,000 ieet 
in height. From the moment the ro{)e 
broke it wa.s impossible to help them. 
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So TOiished our comrades. For the 
space ox half an hour we remained on 
the spot, without moving a single st^. 
The two men, paralysed by terror, crira 
like infants, and trembled in such a 
manner as to threaten us with the fate 
of the others. Old J^ter rent the air 
with exclamations of * Chamounix ! 
Oh, what will Chamounix say ? ' He 
meant. Who would believe that Croz 
could fall ? The young man did no- 
thing but scream or sob * We are lost ! 
We are lost I ' 

A Father’s Bitter Gry 

" Fixed between the two, I could 
neither move up nor down. I begged 
young Peter to descend, but he dared 
not. IJnles.s he did, we could not 
advance. Old Peter became alive to 
the danger and swelled the cry, ‘ We 
are lost I We arc lost ! * The father's 
fear was natural — he trembled for his 
son ; the young man's fear was 
cowartlly — he thought of self alone. 

** At last old Peter summoned up 
courage and changed his position to a 
r(K:k to which he could nx the rope ; 
the young man then descended, and we 


all stood together. Immediately we 
did so 1 asked for the rope which had 
given way. and found, to my .surprise 
— ^indeed, to my horror — that it was 
the weakest of the three ropes. It was 
not brought, and should not have been 
employed, for the purpose for which it 
was used. It was old rope and, com- 
pared with the others, was feeble. It 
was intended as a reserve, in case we 
had to leave much rope behind, 
attached to rocks. I saw at once that 
a serious question was involved, and 
made him give me the end. It had 
broken in mid-air, and it did not 
appear to have sustained previous 
injur>'. 

Two Hours of Oeailly Peril 

For more than two hours after- 
wards f thought almost every moment 
that the next would be my last ; for 
the 'raugwalclcrs, utterly unnerved, 
were not only incapable of giving 
assistance, but were in such a state that 
a slip might have iMsen cxj)ectcd from 
them at any moment. After a time 
wc were able to do that which should 
have been done at first, and fixed rope 


to firm rocks, in addition to being tied 
together. These ropes were cut from 
time to time, and were left lichind. 
Even with their assurance the men 
were afraid to proceed, and several 
times old Peter turned with ashy face 
and faltering limbs and said, with 
terrible emphasis. ‘ I cannot ! * 

A Tragic Victory 

*' About 6 p.m. wc arrived at tlje 
snow upon the ridge descending to- 
wards Zermatt, and all peril was over, 
Wc frequently looked, but in vain, for 
traces of our unfortunate companions ; 
we bent over the ridge and cried to 
them, but no sound returned." 

It was a terrible tragedy on the very 
day of victory, and rcnnnds us almost 
of the day of Trafalgar, when, at the 
moment of victory, the great com- 
mander Nelson fell mortally wounded. 

But, despite such events, the spirit 
of man always rises above circum- 
stiinces. and the conquest of the 
Matterhorn has only inspired other 
brave mountaineers to conquer still 
more difficult peaks including Everest, 
tile mightiest of all. 


A STRANGE APPEARANCE SEEN ON MOUNTAIN TOPS 


A i .L kinds of curious natural phenom- 
JjL ena are to be seen in mountain- 
^ ^ oils regions, and one of the 
strangest and most striking of these is 
known as the Ulloa (Circle. It is so 
called because it was first recorded l^y 
the Spanish traveller and statesman, 
Antonio di Ulloa. 

He was on the Pambamarca Moun- 
tain ill South America with six fellow 
travellers at daybreak one morning. 
The mountain was almost entirely 


cov'cred with thick clouds, but when the 
Sun rose it dissipated these, leaving 
only a few light vapours here and there. 

Suddenly in tlie direction opposite to 
that in which the Sun was rising Ulloa 
saw, at a distance of al>oiit seventy feet 
from where he was standing, his own 
image reflected in Uie air almost as 
distinctly as if it were in a mirror. 
The image was in the centre of three 
groups oi circles showing some of the 
colours of the rainbow, and then at a 


greater distance from the centre was a 
fourth circle of only one colour. 

All the circles appeared perpendicu- 
lar to the horizon, and as Ulloa movetl 
so his image moved and the circles with 
it. But perhaps the strangest point 
of all was that each of the seven men 
grouped on the mountain saw a similar 
henomenon but with the image of 
imself in the centre of the circles. 

The phenomenon was undoubtedly 
of the same nature as the raiiibtiw. 






THE WET AND DRY SIDES OF A MOUNTAIN 



This picture shows what happens to a wind laden with moisture when it reaches a high mountain, it blows up the mountain, and as it 
becomes colder its moisture is condensed, first into clouds, then into rain, and finally into snow. At the top of the mountain it is dry 


W HEN a warm wind passes over flic sea mount am -side, and as it gets into colder moisture, and as it passes over to the other 

it takes up moisture and arrives at regions clouds are formed. Higher up side it is a dry wind. This is wh:it happens 

tlie land well laden with water larger drops of moisture form and, being on the Andes of South America, tlie warm, 

vniKiiir. It retains this vapour so long as too heavy for suspension in tlie air, they moist winds from the Pacific p;i.ssing up the 

it remains w'arin. hut if it meets a cold fall as rain. The wind continues travelling mountains and giving up their water vapour 

wind or is driven up where the temperature up the mouiitnin, cairjdng some of its as they travel into the colder regions. The 

is lower the w'ind gives up its moisture, moisture with it, and when it reaches the same thing is true of the Rocky Mountains 

which condeii.ses in small globules on very cold heights the moisture falls as snow. farther north. For some distance ca.st of 

particles ol dust in tlie air. If now the If the mountain is high, when the wind these mountains the rainfall is deficient 

wind reacdics a inoiiiitain it passes up the reaches the top it has given up all its owing to the dry winds from their tops. 


THE WRINKLING OF THE EARTH’S CRUST 



As the Earth gets older its face wrinkles more and more, just as an apple wrinkles when it becomes dry and shrinks, as shown on the 
right, and as the human skin wrinkles when a person becomes aged, as seen by the hand on the left. Men of science are not agreed 
as to the cause of the Earth’s wrinkling. To some extent it is probably due to the shrinkage of the Earth owing to loss of interior heat, 
but this would not account for the whole of the wrinkling. When the crust was plastic the rotation of the globe caused it to flatten at 
the Poles, and this would cause the crust to become somewhat wrinkled and distorted. It was probably in some such way as this that 
the great mountain chains were formed. They, with the valleys and rifts, are the wrinkles which, if the Earth could be viewed from a 
great distance so as to come within the compass of the eye, as shown in the middle picture, would give it somewhat the appearance of a 
wrinkled apple. Of course, compared with the Earth’s size, its mountains are far less pronounced than the writdiiles on the hand and i^^ple 
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Wonders oF Animal &Plant Life 



STRANGE NIGHTMARES OF THE SEA 

There are many kinds of weird creatures living in the sea, but there would probably be few persons who 
would dispute the statement that the most hideous of these are found in the family to which belong the 
octopus, the cuttle-fish and the squid. Taken together they are known by the rather long name of Cepha- 
lopods. which is made up of two Greek words, meaning ** head ” and ** foot/* Here we read all about them 


T he octopus, cuttle-jfish and squid 
are called Ccphalopods, a name 
which means " head-footed ** 
creatures, and they are so called b(> 
causc the organs which correspond with 
the foot of other molluscs, such as the 
snail, are attached to the head, forming 
a circle round the mouth. 

Some have the foot divided into eight 
parts and are therefore called Octopods 
or ‘‘ eight-feet.** Some, in addition to 
the eight feet or arms, have two longer 
tentacles, making ten in all, and these 
are called Decapods or ** ten -feet.** 
They are all relations of the slugs and 
snails of our gardens, and also of the 
beautiful paper-nautilus. 

These arms or feet, whichever we 
like to call them, are studded with 
powerful suckers, with which the 
creatures arc able to seize their prey, 
and it is the way in which the larger 
niemlHjrs of the family use the.se terrible 
tentacles that has given them such a 
bad reputation. 

Of course they vary 
in size from a couple 
of inches in length to 
dimensions which 
make them real giants 
of the deep. Mr. Frank 
Bullen tells us that the 
limit of size is un- 
known, but that si)cci- 
incns have been .seen 
as big as an adult 
sj>crm whale. These 
huge cuttle-fish are 
Decapods, and liave a 
cylindrical lK)dy with 
a ta|HTing tail, some- 
thing like a vane. 

Backward Progress 

A creature of this 
form with ten long 
arms in front of it 
could obviously not 
move forward very 
well, for its arms would 
spread out like the ribs 
01 an umbrella and 
imxiede its progress. It 
therefore has in its 
head an opening from 
which it can eject 
water with con.sider- 
able force, and when it 
suspects danger it does 
this, the ejected water 
coming out with such 
violence that the 
creature is thrown 
backward, its ten arms 


forming a compact bundle and being 
thrown with it. At the same lime it 
stains the water with a great cloud 
of sepia, just as an airman puts out a 
smoke-screen to hide liis movements. 

Food for the Sperm Whale 

Cuttle-fish of one kind or another 
are found in practically all the seas of 
the world, even in the Antarctic. They 
are not used as food much by human 
beings, although they are not at all 
bad in flavour. But fish find them very 
attractive, and the smaller types of 
cuttle-fish have no protection against 
the sharp teeth of the fish. The very 
large cuttle-fish, however, which in- 
habit the lower depths of the sea, are 
probably able to defend themselves 
much lietter ; but they are believed 
to form a very large part of the food 
of sperm wdiales. At the same lime 
they prey on fish, lurking amid the 
.scpia-coloured water. 


The cuttle-fish arc said to possess 
eyes larger and more powerful in pro- 
portion to their size than any other 
creature’s. They are st;t one on each 
side of the head, and the head, resting 
on a column of flexible gristly material, 
is able to turn in every way, so that 
nothing can escape the cuttle-fish's 
vi.sion. 

Each of the sucking discs on the 
tentacles has a row of sharp claws 
round the inner edge, and when a 
victim is seized the suckers hold it 
tightly and the claws at once begin to 
tear it to pieces. It is not surprising 
that such a weird and hidcnnis creature, 
which often attains enormous size, 
should be the subject o( all sorts of 
fanttastic stories. 

The cuttle-fish was known as far 
back as the times of Aristotle and Pliny. 
Pliny the Elder says that when he was 
Consul in Spain one of these monsters 
used to come ashore at night and 
plunder the salt-fish 
warehouses. He adds 
that the head filled a 
cask of fifteen am- 
phorae capacity, which 
IS about the size of a 
sugar hogshead, and 
that the tentacles were 
thirty feet long and so 
thick that a man's 
arms could hardly 
meet round them at 
the ba.se. The suckers 
were as big as five- 
gallon basins. Prob- 
ably Pliny had really 
seen a giant cuttle- 
fish, but wo are afraid 
that when he wrote his 
account he exaggera- 
ted its size and in- 
vented the story of its 
burglarious habits. 

Fairy Tales 

In the Middle Ages 
wonderful stories were 
told of cuttle-fish that 
seized big vessels, with 
tentacles that were 
taller than the mast, 
and dragged them 
down with all their 
crews. The giant 
cuttle-fish is a hideous 
and dangerous crea- 
ture to meet in the 
sea, but such stories 
as these are, of coarse, 
merely fairy stories. 
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THE IMPORTANCE OF FORESTS TO MAN 

Forcste are of the very greatest importance to man. but in the past they have been destroyed at an alarming 
rate with disastrous results. Now. all civilised countries are alive to the importance of preserving the forests 
and constantly planting new trees to take the place of those cut down. On this page we are told some of the 

reasons why the forests are so valuable 


M an could not do without the 
forests. They supply him with 
timber, wood alcohol, and a 
number of gums and resins. It is from 
the wood of the forests that we get 
most of our paper, and a great deal of 
our artificial silk which looks so attrac- 
tive when woven, 
dyed, and made up 
into garments. 

Yet in the past 
man has been very 
wasteful of the 
forests, and has 
destroyed them 
wholc.salc. This 
has had a dramatic 
effect upon his 
history, for when 
the forests dis* 
appear not only 
are the supplies of 
timber and other 
useful commodi- 
ties cut off, but the 
very climate is 
changed and the 
whole character of 
a country may be 
transformed. In 
some cases it is the 
disappearance of 
forests that has led 
to the formation of 
deserts. 

A forest con- 
serves the water 
supply. If a hill- 
side IS planted 
thickly with trees 
the force of the 
rain is broken by 
the leaves, the soil 
is iiot washed out, 
and i n s t e .a d of 
being carried aw^ay 
down the slope is 
held fast by the 
tree roots. 

11, on the other 
hand, the hillside 
is bare of trees, the 
raindrops come 
down with force, 
wash out the soil, 
and carry it away 
down the hill. 

When the forest is 
in a colder climate 
where snow falls, 
then the snow 
melts much more 
gradually than if the ground were bare. 
Instead of running away as fast as it 
melts, it soaks slowly through the 
ground and forms useful springs caiid 
underground streams. Disastrous floods 
are due in many cases to the fact that 
a country has been denuded of its trees, 
so that the rain or melted snow is able to 
run away rapidly instead of gradually. 


Then again the forests save the soil 
from being carried away into the 
streams and rivers and seas. The roots 
and the trunks and the other vegeta- 
tion which the forest fosters, bind the 
soil and hold it. There are hilly and 
mountainous districts in Europe and 


elsewhere to-day which are bare and 
unprofitable, because in years gone by 
men have cut down the forests and the 
fertile soil has all been carried away so 
that nothing can be made to grow. 

It has l^en estimated that every 
year streams and rivers carry down to 
the sea a quantity of soil worth over 
^200,000.000, and millions of money 


have to be spent annually in dredging 
harbours and river channels to remove 
this valuable soil that has l>een lost. 
Add to this the millions that have to 
be spent in irrigating dry lands which 
would have a greater rainfall were 
there forests in the di.strict. and we get 
some idea of how 
man in the past has 
wasted the wealth 
that was within his 
reach. 

Tf the old treat- 
ment of the forests 
had continued we 
should by this time 
have been suffering 
from a famine of 
t i in her. There 
would not li a V c 
been sufficient 
wood for building 
purposes, for fur- 
niture, or for paper 
making. Hut ex- 
eric n c e has 
roiight wisdom, 
and now in most 
countries there is 
a system of forest 
control. 'I'he tree- 
growing area in 
many lands is 
being increased, 
and as the trees 
are cut down for 
use fresh trees are 
)larited. and it is 
orbidden to fell 
the immature 
trees. They must 
be left till they are 
full grown. 

'Fo preserve the 
forests it is not 
necessary to ab- 
stain from felling 
trees. 'I'he system 
now in force is to 
plant and cut at 
the same time and 
at most of the 
universities of 
civilised countries 
there are courses of 
forestry in which 
men learn how to 
grow trees wisely 
and well. 

If they are 
planted too closely 
together the trees 
become stunted in growth because they 
cannot get sufficient nourishment from 
the soil or sufficient sunshine. After 
being planted therefore, the saplings 
have to be thinned out so that ea^ 
may have adequate room for healthy 
growth. Fires, too, have to be guarded 
against, and insect and other pests, 
that war on the trees, fought. 



These three pictures show how the forests are preserved so as to give a constant yield of 
timber for human use. The trees are cut down in zones at regular intervals, and when 
an area is cleared fresh trees are planted to take the place of those cut down When 


: picture 1 

in the third picture, saplings are planted in their place. And'so there is a regular rotation, 
the forest being preserved in its entirety 
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THE EYE OF OUR BODY AND THE EYE OF A CAMERA 



There is a remarkable resemblance between the way a picture is recorded in a camera and the way it is recorded on the retina or 
curtain of the eye. The camera and the eye have each a lens with a dii^hragm» or kind of shutter, in front. An opening in the shutter 
can be made larger or smaller according to the amount of light aTailable. In the camera this has to be worked by the operator, but 
in the eye it is automatic. Rays of light pass from an object through the lens as shown here, so that an inrerted image appears on the 
screen at the back. When the inserted picture falls on the retina of the eye this stimulates the optic nenre and sends a mess^e to 
the seeing of the brain, and we ^ the sensation of sight. Our eyes see eserything upside down, but our brains reserse the picture 
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HOW PLANTS GO TO SLEEP AT NIGHT-TIME 



Many plants may be said to go to sleep at night and, like ourselves, their leaves and flowers take up a different position from what 
they do in the daytime. We lie down instead of sitting or standing, and often we curl ourselves up in bed to keep warm. The 
leaves of many plants also close up at night, to protect themselves from frost. In such plants as the clover the leaves droop, 
and it has been found that when some leaves on a plant are prevented from folding or drooping at night and the plant is expose 
to frost, only the folded leaves escape, the others being killed. But as many tropiciU plants also fold their leaves at night tlhe plant 
probably has some other purpose in taking this sleeping attitude besides protection from cold. Flowers in the same way close up 
their petals, or droop, to keep out the cold. On this page the flowers and leaves of a number of plants are shown by day and by night 

17 - 








LITTLE SQUIDS SWITCH ON THEIR LIGHTS 



As mentioned in pp. 173-175 the squids or cuttle-fishes occur in all the seas of the world and vary in size from a few inches to several feet. The luminou.^ 
species shown above about life size inhabits the depths of the Sea of Japan. The phosphorescence is concentrated in a number of small 'areas which th^^ 
creature can lig;ht up separately at will. These spotlights " both act as a lure to attract the squids' prey and also help the little copepods to keep together 

in a shoal, serving as recognition signals to any that have strayed from the main body 
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THE MOVING HILLS OF SAND 

The desert it the terror of the traveller. Many a man and even whole caravans have been swallowed up by 
its relentless sands. Of course, in these days of wireless and motor cars and tinned foods, it has not the 
same terror that it had in the old days. Yet even now the miles and miles of dry, arid territory with nothing 
to look upon but sand hills and sand dunes, may well appal the bravest and most adventurous. In these 
pages we read many facts about the desert and learn what it is really like 


P eople who have never visited the 
Sahara or some similar desert, 
generally have a very wrong 
impression as to what a desert really 
looks like. The popular idea is that it 
consists of a vast level plain of sand 
stretching away as far as the eye can 
see in all directions, in very much the 
same way as the great level grass plains 
of America. But this is not at all 
what such a desert is like. There are 
hills and ridges in all directions, with 
valleys and undulating stretches, .so 
that often it is not possible to sec veiy 
far ahead, iuid the wonderful thing is 
that those hills and ridges and valleys 
move about. 

If we visited a certain part of the 
Sahara Desert to-day and then went to 
it again next year, it might look 
entirely different then from what it does 
now. This may sound very mysterious, 


but the fact is that the moving hills 
and ridges are built up of sand and 
they are moved and drifted about by 
the winds that blow across the desert. 

It must be remembered that the great 
deserts of the world, the Sahara, the 
Gobi, the Arabian Desert, and so on, 
besides those on a very much smaller 
scale which are found in Europe and 
America, have all been made by the 
wind. Through the centuries the winds 
sweeping across the sandy beaches by 
the sea have been blowing the sand 
inland and carrying it farther and 
farther forward till at last huge areas 
have been completely covered. Forests 
and cities mid liigh roads, and often 
rivers and lakes, are sooner or later 
buried by the terrible sand, and in many 
cases where great civilisations flourished 
there is now notliing but an endless 
vista of sand. 


This is particularly the case in the 
great Asiatic desert of Gobi. There 
some twenty centuries ago was a 
fertile country with flourishing cities, 
flowing rivers and great lakes It was 
a centre of industry and trade, with 
fine palaces and temples. But where 
are these glories now ? They lie 
buried lieneath hundreds of feet of 
sand carried relentlessly by the wind, 
and more devastating than any Iniman 
army could ever Ikj. The rivers have 
gone, the lakes have gone, and only at 
an enormous cost of "men and money 
is the sand dug away over a small 
area and irticcs of the lost cities found 
and, in other parts, lost forests. 

Sir Aurel Stein has unveiled some of 
the glories o[ the past in the Gobi 
Desert. There arc paintings and 
statues that seem to be the work of 
Greek and Roman artists. There arc 



A sandstorm is the terror of the traveller in the desert. A hurricane of wind blows along, raising great clouds of sand and carrying 
these irresistibly forward. Often there are whirlwinds making whirling columns of sand like waterspouts, which rush about at terrific 
speed. The moving sand makes a sound like the hissing of a seipent, and travellers and their animals have to crouch down till the sand- 
storm has passed. Here we see a sanmorm approaching across the Egyptian desert 
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THE CHANGING LANDSCAPE OF A GREAT DESERT 

1 



The deserts have all been made by the winds, for it is the wind that gathers the vast masses of sand together in the one area. Beneath 
many of the great sand deserts of the world cities and the remains of ancient civilisations lie buried. One of the great problems of 
countries that border on the desert is that of saving their cultivated territory from the encroachment of the wind-driven sands. ’ Large 
parts of Persia that are now arid stretches of sand were fertile plains not many centuries ago. The Sahara, with its moving hills of sand, 
shown in these two pictures, is constantly creeping forward towards the fertile parts of North Africa 
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WONDERS OF LAND AND WATER 


writings and carved woodwork and line 
architecture and beautiful embroideries, 
all preserved by the dry sand so that 
they arc as fresh as when they were 
first buried. 

Devastating Dust 

When we arc told th«at in a violent 
sandstorm the amount of dust and 
sand in the air may amount to 126,000 
tons for every cubic mile of air, we need 
hardly l)c surprised at the devastation 
wrought. 

The same thing has happened in 
North Africa, where the sand of the 
Sahara is ever encroaching on the culti- 
vated lands and hum«in dwellings all 
round. Many a caravan has been de- 
stroyed here by the terrible sandstorms. 
Notiling resists their march, and this 


On the coast of Prussia a tall pine 
forest covering hundreds of acres was 
totally destroyed by invading sand 
between the years 1804 and 1827. In 
New Jersey tlourishing orchards have 
been buried within the liieiiine of their 
owners. Similar cxampli^s on a smaller 
scale are to be found along the coasts of 
Britain. During the last centry or two, 
thousands of acres of cultivated land 
have been buried by drifting sand from 
the sea, notably along the sliores of the 
Moray Firth and of Aberdeenshire and 
on the coasts of Norfolk and Suffolk. 

Still more destruction has been 
caused by the moving sand on the 
shores of the Bay of Biscay. There 
the dunes march inland at the rate of 
Oo or 70 feet a year, and nothing can 
stay their progress. If the mass of 


tracts arc thus first inundated with 
water, and then finally ovenvliolmed 
under the advancing sand. Roman 
roads and many villages which existed 
in the Middle Ages have disappearcil. 
And the same destruction is going on 
still.” 

Rooks Sculptured by Sand Grains 

When the winds arc fierce the amount 
of sand Cc'irricd is, of course, greater, 
and in Central Asia the air is some- 
times so full of fine sand and dust that 
the sun is obscured at midday, and it 
is necessary to light a lamp in order to 
read. These strong winds will pick up 
and carry grains of sand and even small 
pebbles, and naturally as they are 
carried forward they wear away any 
rocks or buildings that may lie in theii 



There are two great desert belts stretching round the world, and they are shown in this map on Mercator’s projection. The northern 
belt starts with the desert of Gobi, running half across Asia, and is continued by the Persian and Arabian deserts and by the Sahara 
across North Africa. Then the belt is continued across the Atlantic Ocean, where a great stretch of water is salter than other parts of 
the same sea owing to increased evaporation. The desert belt is continued across North America with the deserts of the southern United 
States and Mexico. The southern &sert belt is smaller. There is the centre of Australia with its arid reaches, the Kalahari desert of 
South Africa, a large area of very salt water in the southern Atlantic, and then the deserts of Argentina, Peru and Chile 


is found not only in the groat desert 
tracts t)f Asia and Africa, but in the 
arid parts of America and even in 
Groat Britain. 

Sand hills or dunes, as they arc called 
— Hiune being only another name for 
hill — abound over thousands of square 
miles ill the dry plains of Nebraska. 
Kansas and Wyoming. Enormous ex- 
pense is incurred from time to time by 
having to clear railway tracks that in 
a day or two become buried under the 
tnoving sand. Forests of large trees have 
■lx‘en buried and destroyed, for although 
trees make an excellent effort to main- 
tain their life by sending out fresh roots 
from their branches after the trunks 
have been buried, sooner or later each 
tree i.s covered by the siuid. 


w'iud -blown sand is not too great it may 
sometimes be held for a time by 
planting certain gntsses that bind anil 
hold it, but stHincr or later it over- 
whelms even these. 

The Invincible Sands 

As Sir Archiliald Geikic has said of 
the moving sand dunes, “No barrier, 
natural or artificial, is able to waitli- 
st and their progress. Fields, woods and 
villages arc buried in succession. Nor 
is this all. The sand ridges interrupt 
the drainage from the interior, and the 
water collects among anil in front of the 
ridges. Ponds and lakes arc formed 
which, unable to find an exit, are 
drifting inland along with the sand 
barriers which dam them up. Large 
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path. They act as a grindstone or 
rasp, and where there are rocks in these 
sand ridden areas they are sculptured 
into strange and weird forms by the 
moving grains. 

A great line of sand hills may be piled 
up one week and may be blown away 
completely the following week. It 
may lie in one direction at one time 
and not many days later lie in an 
entirely dilferent direction. It all 
rlo pends on the direction and force of 
the wind. 

As the wind blows it forms waves and 
ripples in the sand, exactly as it does in 
the water, and these are very marked, 
'riiese ripples, which may only be a 
quarter of an inch high, are formed in 
the same way as the great dune ridges. 




HOW THE SUN’S RAYS SLANT MORE AND 



The picture on these pages makes clear why it is that some places are hot and other plac|| eold. Although the Sun shines upon the 
whole Earth there are differences of temperature due to the fact that the Sun's ^rays strike some places much more slantingly than 
others. The cause of the gradual change from warm temperatures at the Equator to colder temperatures at the Poles is due to the fact 
that the Earth is a globe and revolves in a slanting direction. The slant is such that the central surface^ or Equator, is more direcily 
under the rays of the sun, and the rays, after falling on the Equator, then spread outwards so that they become gradually weaker as they 
reach out to the Poles. The more directly overhead the Sun is, the hotter are its rays, whereas the farther away we get from^ the Equator, 
the more slantingly the rays strike, and the less powerful they are, till at last in the region of the Poles they are so slanting as to give 


I82 





MORE AS WE TRAVEL FROM THE EQUATOR 
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THE WONDER OF THE HYDRAULIC PRESS 



When the lever is lowered, and the small piston descends, water is no longer sucked up from the chamber below, but pressure is put 
upon the water in the communicating tube, and this pressure passes to the water in the large cylinder, pushing up the big piston. 'This 
closes the press and presses whatever may be in it as shown on the right. If it is desired to leave the big piston up and the press closed 
a screw can be turned down maintaining the pressure in the communicating tube. There is a safety valve in case the water pressure 

should get too great for the metal pipes to sustain 







Marvels oF MachineryI 


HOW WATER IS MADE TO WORK FOR US 

Water power for the generating of electricity is coming more and more into use. AH civilised countries 
which have extensive waterfalls and mountain streams are harnessing these to work turbines and dynamos. 

But there is another way in which water is set to work in the service of man, and that is in hydraulic 
engineering. Here we read some interesting facts about the behaviour of water under pressure and its great 

use in working presses, lifts and other machinery 


T tiekk are many ways in which 
water is mafle to work for us. 
Very early in the history of man 
it was made to turn mills to grind his 
corn, and in more recemt times the idea, 
has been developed so that tremendous 
falls of water, like that seen at Niagara, 
are harnessed to rotate huge turbines 
and supj)ly elin trical jjower over wide 
areas. In" the Far East man has even 
used the power of running water to 
turn praver wheels, and thus assist him, 
as he thinks, in his devotions. 

Uul there is another way in which 
water has long been made to work for 
juan. and that is by means of its 
pressure. We have all heard of the 
hydiaulic press, which is explained ox\ 
thi* oj>posite page, and many of us have 
travelled ii]» ami <1own in lifts which are 
\vorke<l by hydraulic power, that is, 
t)y means of water pressure. The 
\vt»fd “ hydraulic ** comes from two 
( I reek words meaning " water ” and 
“ a pi]'<‘,” and it is by sending water 
iludugh a pipe under pressure that 
hydraiilio machinery is worked, as w(‘ 
shall see laU»r. 

A Strange Property ot Liquids 

Ilefore trying to understand the 
principle on which such machinery 
is worked, we must learn s<»mething 
about a curious properly which water 
and other liquids possess. To assist 
us iti understanding this, we may 
perform a simple experiment. 

Ix^t us buy for a few j)ence a small 
IujUow indiarubber ball. Now let us 
make a small hole in it and then, 
s(juetzing the ball together so as to 
exclude all the air, hold it under water. 
As soon as we release our hold the 
indiarubber ball will fill with water, 
because the pressure of the air on the 
surface of the water in the bowl or pail 
drives the fluid into the ball through 
the hole. 

Now, caking the ball out of the water 
and placing our finger over the little 
hole, to prevent the water escaping 
when pre.ss on the outside, we make 
a number of other holes with a pin. 
Having done this we squeeze the ball, 
and at once water spurts out, not from 
<me hole, but from all the holes alike. 
In other words, we find that in the CcLse 
t>f a lic^uid, pressure is transmitted 
equally in all directions. 

This, of course, is not the case with 
a solid. If we put a lump of sugar on 
the table and press in one direction tlie 
sugar will, if it can move at all, go in 
that direction and in no other. 


The great disco\M‘ry that pressure 
plared on a liquid contained in a 
closed vessel is transmitted ^^ith the 
same energy in all directions wa.s 4 nade 
by tlie great French philoso]>her, Blaise 
Pascal. He carried out an exjUTimenl 
which ha<l far-reaching elTects on the 
world, for he slumed the way to the 
hydraulic press and hydraulic lift. 

He filled a strong wooden barrel with 
water, and then in t he biing-hole at the 
lop of the barrel he placed a high, 
narrow tube with a funnel at the top. 



A strange eiqMriment that proves a scientific 
truth of great value to mankind 


185 


Now, " said T*ascal, “ I will burst 
the barrel by simply filling this small 
tube with water, that is to say, I will 
add to the water in the barrel only the 
weight of this very small c|uantity of 
water.” 

Of course all his tritmds laughed at 
him and said it would be impossible. 
But Pascal, going to the top of a ladder, 
pouretl water into the tube and soon 
it was filled to the top. The water 
began to come out through the staves 
of the barrel, which were pres.sed out 
as though by great force from inside. 

The other scicMiiists were a.stoiinded. 
but Pascal then explained the dis- 
covery he had made. The pres.siire 
on the water in the barrel did not 
depend upon the total weight of water 
above it, but upon the weight pressing 
on the small area of the tube where it 
entereii the barrel. 

A Paradox of Science 

In other words, if a tube in such an 
ex]>eriment has an area of one inch, 
and the water in the tube weighs, say. 
five pounds, the pressure of the water 
in the barrel is e(|ual to five pounds on 
every square inch of its siirfaci*. 

To pul it another way, the walls of 
Pa-scaKs barrel had to support thi^ 
same pressure as if they had been 
surmounted by a mass of water with a 
base eipinl to the bottom ot the barrel 
and a height equal to the length of the 
column in the tube. It is not sur- 
prising that men of science were so 
puzzled that they gave this rather 
remarkable fact the name of ” the 
hydrostatic paradox." A paradox is 
something which is true, but neverthe- 
less seems to be absurd. 

As we can sec by the picture on the 
opposite page, it is this paradox which 
is so very useful to man, tor the pressure* 
of a pound of water can produce in this 
manner the same effect as a ton or 
several toms. It re.sults from the fact 
that a liquid can be compressed 
scarcely at all, that is. when great 
pressure is put upon it, it still occupies 
almost the same space as it did without 
the pressure. 

I'his, of course, is not the case with 
a gas, which can be compressed very 
much indeed, nor is it true of a solid, 
for with sufficient pressure a solid can 
be squc?ezcd into a much smaller space. 

It used to he thought that a liquid 
could not be compressed at all, but later 
experiments proved that there wa.s a 
.slight compression, though it is so small 
as to be scarcely worth considering. 




MARVELS OF MACHINERY 


For instance, witli a pressure equal to 
that of the atmosphere, namely, 14-7 
pounds on every square inch, water is 
compressed only one 20.000th of its 
orij^inal volume. 

The sea water at a depth of a mile 
has an enormous weight upon it, but 
it is squeezed into a space only one 
130th less than it would occupy at 
the surface of the sea. In any case, 
liquids are perfectly elastic, for no 
matter what the pressure may be to 
which they are subjected, they always 
regain their original volume the 
moment the pressure is removed. 

This property of water and other 
liquids of transmitting pressure equally 
in all directions is used enormously all 
over the world to-day. A vast quan- 
tity of machinery, for example, in 
London and other large cities is worked 
by liydraulic power. 

There arc in London itself, under 
the roadways, nearly 200 miles of 
water-mains, where the water is under 
high pressure. These mains are, of 



A simple experiment to show that water 
presses equally in all directions. It is this 
valuable power of water that is utilised by 
man in the hydraulic press 


course, quite distinct from the water- 
mains which carry water for drinking 
and washing. They are found in afi 
the busiest streets, and run from one 
end of industrial London to the other. 
From these mains the water under 
pressure is carried into warehouses and 
factories and offices to work the lifts, 
baling-presses and other machines. 

Few people know that there is such 
a wonderful service of hydraulic power 
in London, and in some other large 
cities. It is always available, and the 
water is at the enormous pressure of 
700 pounds to every square inch. 
About thirty million gallons of water 
at this pressure are pumped every 
week for engineering purposes, and it 
can be understood that when a small 
pipe in a hydraulic press transmits such 
enormous pressure to a chamber with a 
large surface of water, the work it does 
is very great indeed. The possibilities 
of the hydraulic press are only limited 
by the strength of the pipes which carry 
the water in the machine. 


TRAVELLING AT FULL SPEED WHILE STANDING STH^L 



Most railway authorities have equipment for testing the running of express engines without the ofigines having to move. These two 
photographs show the testing machinery used by British Railways for judging the running efficiency of its tooomotives. The engiiie 
is run on to a series of rollers which are turning rapidly in the opposite direction to that which the locomotive faces. Then the engine 
is set going at full spe^, but as the rollers on which the wheels turn are moving at the same qiaed, the engine does not go fonwird. 
A sped equal to 85 miles per hour has been attained in this way without the engine travelling an inch, ft is a very inglmioiit and 
uEeful device and gives full information as to the coal and water consumption of an engine and ito pulling power at high spead s 
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HOW THE WINDMILL GRINDS THE CORN 



Windmills are not such familiar landmarks in England as they used to be, but there are still a number which are working. Here we see 
how the windmiU grinds the com. Two different types of mill are shown. The one on the left is known as a smock mill and only the 
top moves round. It is alto called a Dutch mill, because it U the kind most often seen in Holland. The one on the right is known as 
a post mill, because the whole mill revdlTes on a stout post. Of course it is necessary that either the mill or the top of it should move» 
so that the sails can always be in the right direction for the wind. The sails, by a series of cog or toothed wheels, some of which are 
called baskets and trundles, turn the landing stones. The machinery, including the wheels, in a windmill is mostly made of wood 
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HOW OUR BOOTS AND SHOES ARE MADE 




In factory-made boots and shoes the uppers are first cut out from the skin 


by knives running round metal patterns, and the different parts of the upper 
are then pasted together, and sewn by machine, as is being done here 


The soles are cut out from the thick hide by a shaped 
knife on which a powerful press descends. A number 
of soles already cut can be seen on the bench 



Meanwhile the heels have been cut out 
and built up, and are brought to this 
machine and nailed to the boot 


Heels and soles are next smoothed by 
revolving wheels covered with sand- 
paper, and blackened and polished 


Expensive boots and shoes are still made by 
hand. Here we see a bootmaker hand-sewing 
the sole to the welt with waxed thread 
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THE FIRST ENGLISH PRINCE OF WALES 

For hundreds of years the Prince of Wales has always been the heir apparent to the English throne, but 
the very first of the English princes of Wales was not the Icing's direct heir. Here is the interesting story 
of the first Englishman to be proclaimed Prince of Wales 


A fi'kr John's death his son, Henry, 
inoiinted the throne, but he was 
^ a very little better kiiiK than his 
father. AlthoiiRh he was vctv relij»ious 
he was faithless, passionate and stub- 
boni, for in those days reli|;jion and 
morality had very little to do with 
car h other Some of thti worst men 
of the Middle Ages were the most 
religious, and oven the princes of the 
( hiin'h were sometimes men of ques- 
tionable charaeUT. 

Ibmry attended Mass regularly, loved 
eech'siastical ceremonies, endowed ab- 
beys and thurehes. and even kissed 
lepers, but he was a bad king in every 
sense of the word. Ho filled the offices 
of state with his foreign relations who 
oppressed the people, and he wasted 
the taxes exacted from 
his subjects. 

Although at his eoro- | 
nation as a boy he had 
sworn that he would 
show strict justice to 
the people*. alKdisli bad 
law.s. and make good 
ones, the* oath had no 
more weight with him 
than il it had never 
been taken. Inth*ed, it. 
has been Si'iid that liis 
.son, lid ward the First, 
was the tirsl king since 
William the ('oiupieror 
t<» Uee]) his wonl. He- 
fore that, oaths ami 
promises were made 
only to be broken. 

A King in Debt 

Henry was always 
very generous with 
other fujople’s money, 
and when his sister, 

Isabella, married the 
llolv KonianlCinperor. , 

he gave her such costly Eleanor suck 

and handsome pres- 
ents that an old chronicler tells us 
that “ they appeared to surpass kingly 
wealth." 

'J'hc result was that Henry was left in 
debt, and so at last, when there was no 
other way of getting money he was 
fibliged to summon his nobles! and they 
made him ratify once again the Great 
Fharter which his father had sealed. 
I'heii they gave him the money he 
tusked for, but he frittered it away, and 
live years later wanted more. 

'I'he nobles were now very angry. 
They banded together under Simon dc 
Montfort, the Earl of l-cicestcr, who had 
married Henry’s sister, to resist the 
King. A battle was fought at Lewes, 


and Henry and his son. Prince Edw’ard, 
were made prisoners. 'J'he outcome 
was the first real parliament in our 
moilern sense. It met at Westminster 
in January, 1265. Not only were the 
barons and the knights of "the shires 
summoned, but now the inhabitants of 
the large towns were called on to elect 
men to ropre.sent them in parliament, 
and to look after their interests. 

The Franchise, as it is calknl. that is 
the freedom to vote for members of 
parliament, has l>ecn oxtendetl mciny 
times till now it inchide.s practically 
all citizens, male and female, of 21 and 
over. Hut in princijde the parliament 
is the same iis that which was sum- 
moned in Henry the Third’s reign. 

T^ater on the captured Prince Edward 



Eleanor sucking the poisoned wound of Prince Edward at the siege of Acre 


escaped, raise<i an army and fought a 
battle at Evesham in which he was the 
victor. He rescued his father, and his 
uncle, Simon de Montfort, was slain. 
" Thus ended," writes an ohl historian, 
" the labours of that noble man, Earl 
Simon, who gave up not only his 
property but also his person to defend 
the poor from oppression, and for the 
maintenance of justice and the riglits 
of the kingdom." Wc should always 
remember with honour Simon de 
Montfort, for his great work for good 
government was never undone, though 
unforlimately he died in defeat. 

Soon afterwards Henrj^ him.self fell 
ill, and died, but his son and heir, 


Prince Edward, was away in Sicily, 
returning from the Seventh Oiisadi*. 
After Simon de Montfort’s death, 
young ICdward, who had married a good 
and beautiful woman, ICleanor of 
t'astile, liad decided to join his uncle. 
King I.,ouis of France, in trying to 
win back the Holy Land from the 
Saracen. 

lulward was a great contrast to his 
father. He was one of the noblest and 
greatest of the English kings. He 
loved his people and his people loved 
him. Of course, he was not perfect, 
for no man is, but he was a man wlio 
could be trusted and, further, ho drew 
the admiration of all becausti he was 
tall and handsome and brave and ( lever 
and afl(jctionate. lie married twice, 
and both his wiv«*s 
were among the finest 
queen consorts that 
England has ever had, 
and ICdward love <i 
them truly and was 
very faithful to them. 

A Dramatic Scene 

Eleanor accom- 
panied Prince Edward 
to the Floly Land and 
there is a l>t>autitiil 
story told of how she 
.saved his life. He w.is 
besieging Acre and the 
Emir of Jcjppa, who 
was the Saracen ad- 
miral, pretending that 
lie was anxious to be- 
come a Christian, sent 
a mes.senger with let- 
ters to Edward. This 
he did on several occa- 
sions, until E d w a r d 
really believed tluit the 
Emir was in earnest. 

t A I'hen one day on the 

e siege of Acre mes- 

senger was introduced 
into Edward’s tent. 

The Frince was suffering from a heat 
stroke, and was lying on his bed 
.scantily clothed. The emissary handed 
the letters to Edward who began to 
read, and then the man, pretending that 
he had still another very secret paper 
to deliver, desired that he and the 
English prince might be alone. The 
tent was cleared, the assassin drew out 
the letter from his bosom, but with it 
he drew a poniard, and in a moment 
aimed a blow at the side of the IMncc. 

Fortunately, Edward raised his arm, 
and that received the blow. When his 
assailant tried to repeat the stroke 
Edward felled him to the ground with 
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a kick, and as the traitor returned to 
the attack the Prince hit him with a 
footstool. 

Attendants rushed in, but the 
assassin was already dead. Some say 
he was struck by the blow of the stool, 
and others that he was stabbcnl with 
his own dagger. 

Fearing that the dagger was poisoned 
it is said that Eleanor sucked the wound, 
but of this we are not quite sure. 
After some days, however, the wounded 
arm began to show unfavourable 
symptoms. The flesh blackened and 
there were signs of mortification. All 
those round the Prince began to look 
very worried and six^ak in low tones 
about what might happen. 

“ Why whisjjcr ye thus among vour- 
.selves ? said the Prince. " What 
see ye in me ? Tell the truth and fear 
not.*^' 

Then a surgeon recommended that 
the wound should be cut, an operation 
that would Ixj very 
painful. ‘'If suffer- . .f, 
ing," said the ITince, 

"may again restore my 
health, 1 commit my- 
stOf to you. Work on 5^ 
me your urill and spare 
not." 

A Devoted Queen 

Eleanor remained by 
the Prince's l)edsidc all 
through the crisis. 

'rhen at last she broke 
<lown, and Edward 
asked his brother 
iCdmund and a knight 
to carry the Princess 
away. At this she 
struggled and cried, as 
she wanted to be with 
her beloved husband, 
but her brother-in-law 
told her that it was 
Ix^tter she should 
scream and cry than all 
England mourn and 
lament. The operation 
was pesrformed anti 
proved successful. In 

filteen days lidward Waltham Croa 
had sufficiently re- 
covered to mount his 
hor.se, but it was a long time Ixjfore he 
became quite well. 

The fTiiice's army was now greatly 
reduced by sickness and desertion, and 
feeling it was no use to remain longer 
in Syria he left and started 011 the 
journey back. As already moiitioned, 
they had reached Sicily when news 
came of King Menu’s death, and. 
greatly upset, the Prince and his wife 
returned to England. 

Edward and Eleanor were crowned 
in Westminster Abbey, and then a royal 
feast was held. It was a feast indeed. 
Among the goofl things provided were 
380 oxen, 430 sheep, 450 pigs, 18 wild 
boars, for there were still wild boars in 
England at the time, and more than 
19,000 fowls. During the festivities 
the aldermen of the City ol London 
threw handfuls of golcf and silver 


amongst the crowds. The conduits or 
water fountains ran with white wine 
and red, and Edward and his followers 
let loose 500 horses on which they had 
ridden to the banquet, so that anyone 
in the crowd might seize them and 
claim them for his own. 

From the first the new king was 
greatly loved, particularly for his 
knightly qualities. The fieople re- 
memlx^red his gallant behaviour to a 
famous rob'ier who. like Robin Hood, 
lived in a wood and was reputed to be 
very strong and brave. The man's 
name was Adam dc Gordon, and 
Edward longed to fight him in single 
combat. Ho went to the wood with a 
band of followers, and there came across 
Adam with his men. Instead of allow- 
ing the two little armies to have a 
battle, he called on the robber chief to 
fight it out single handed. 

There was a long conflict and finally 
the I*rince vanquished his opponent. 



“ With a joyful heart I |n*ant your prayer. 
And I b«d the Gordon live ; 

Oh ! the happiest part of a monarch's crown. 
Is to pity and to forgive.** 

On coming to the throne, Edward 
proved a good king whose word could 
be trusted. He summoned a parlia- 
ment of lords and commons in 1275, 
and it is interesting to remember that 
it was this parliament which passed the 
First Statute of Westminster, a measure 
embodying and extending Magna Carta. 

In 1931 was passed another Statute 
of Westminster which restated in legal 
terms what was agreed at an Imperial 
Conference a few years earlier, that the 
Parliament of Westminster is no longer 
the Imperial Parliament. It affirms 
that " No law hereafter made by the 
I’arliamcut of the United Kingdom 
shall extend to any of the Dominions 
as part of the law of that Dominion, 
otherwise than at the request find with 
the consent of that Dominion." 

Returning to the 
subject pf Edward, we 
must remember that 


Waltham Cross, one of the memorials set up by Edward 1 to Queen Eleanor 


but he was so pleased with the skill 
and bravery shown by Adam that he 
promiseil him his life and a good for- 
tune. 'fhe roblxjr turned out to be a 
gentleman by birth, who, during the 
wars of the previous reign, had lost all 
his property and liad in consequence 
taken to a roving life. Edward kept 
his word, restored his property to 
Adam de Gordon, and introduced him 
to his wife and his father, the King, 
who was then alive, 

A Fine Old English Ballad 
There is a fine old English ballad 
that tells the story in verse. The 
vanquished roblier is presented to 
ICleanor and to the King, and then 
" My child arise,** the old king said. 

And a tear was in his eye, 

He laid his hand on the Prince's head, 

And he blessed him frequently ; 


governing England by 
Parliament was only 
one of his cares. He 
was not the acknow- 
1 e d g e d sovereign of 
Great Britain, as our 
King is to-day. Both 
Wales and Scotland 
were, at that time, 
hostile countries. The 
Welsh, although their 
princes did homage to 
the English king, were 
very troublesome 
neighbours, and were 
fond of fighting. 

Britons and Saxons 

They were really 
descendants of the 
Ancient Britons who 
had been driven into 
the muLintain f a s t - 
nesses of their country 
eUid they hated the 
English, whom they 
regarded as " Saxons." 
Jueen ElMnor W**®? Kdward esune to 

the throne they had a 
,, brave and clever 

pnrice, named Llewellyn, who took no 
notice of the summons to come and do 
homage to the new king. After sending 
for him again and again, Edward at 
last lost patience and marched with 
an army into Wales. 

There was some fighting, and in the 
end Edward conquered the Welsh and 
killed their prince. Llewellyn's head 
was cut off and sent to London, where 
it was crowned with a wreath of willow 
and set up on the Tower of London in 
mocking fulfilment of an old Welsh 
prophecy that a prince of Wales should 
be crowned in London. The Welsh 
people had hoped that Llewell3m would 
be the prince in question. 

Now that their native prince was 
dead, Edward decided to present a new 
prince to the Welsh people, who should 
be a link between the two nations. 
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Henceforth the Prince of Wales should 
be an English prince. 

Edward built a new Castle at Car- 
narvon as a stronghold which should 
help to keep the Welsh in order. It 
looked then very much as it does now, 
and to this castle Edward carried his 
beloved queen. There in the Eagle 
1'ower, at a great height from the 
ground, her son Edward was bom in a 
little chamber i 2 feet long and 8 feet 
broad, and without a hreplace. A 
Welsh nurse was provided for the 
infant, and when a Welshman carried 
the news to Edward at Rhuddlan Castle 
where he happened to be 
staying, he knighted the 
Welshman on the spot and 
gave him a grant of land. 

He then hastened to Car- 
narvon, and when the chiefs 
of North Wales came there to 
give their final submission 
they asked Edward to 
appoint them a prince who 
was a native of their own 
country and whose native 
tongue was neither French 
nor Saxon, which they could 
not understand. Edward told 
them that he would immedi- 
ately appoint a prince who 
could speak neither English 
nor iMcnch. 

A Prince for the Welsh 

The Welsh chiefs, expect- 
ing they would be given «n 
inonilKT of their own royal 
line, declared they would 
accf'pt the King's nominee as 
their prince if his character 
were* void of reproach. There- 
upon the King ordered his 
infant son to be brought in 
and presented to tlie chiefs, 
assuring them that “ he had 
]ust been bom a native of 
their country, that his 
character was unimpeached, 
and that he could not speak 
a word of English or French, 
and that, if they pleased, the 
very first words he should 
utter sliould be Welsh.** 

Little did the fierce minis- 
ters expect such a reply, but 
they had no alternative but 
to submit with a good grace, 
so they kissed the tiny hand 
presented to them and vowed 
fealty to Eleanor's babe. Edward 

At this time the new prince, 
who was to become King Edward the 
Second, was not the heir to the throne, 
for Eleanor had an elder son named 
Alphonso, after her brother, Alphonso 
the Tenth of Castile. But a few months 
after Edward's birth Alphonso died, 
Md so Edwatd became the English 
heir apparent. It is interesting to 
speculate that if Alphonso had Sved 
and become king that strangely foreign 
name might easily have become one of 
the most popular English Christian 
names, as Edwaid has since become. 

When Queen Eleanor died all Eng- 
land mourned her, and an old historian 


speaks of her as ** a pious and modest 
woman, merciful to me English, loved 
by all, a support of the kingdom.** 

^ King Edward knew not how to bear 
his grief. He escorted her body from 
Grantham to Westminster Abbey, and 
wherever the body rested for the night 
the King raised a wayside cross. Three 
of these Eleanor crosses still exist — 
one at Hardingstone, near Northamp- 
ton. one at Codington, and one at 
Waltham Cross, by Kpping Forest. 
The last resting place before the body 
reached the Abbey was the village of 
Charing, the site of which we now call 
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Charing Cross because of the Eleanor 
Cross set up there. This has di.sappeared, 
but a replica of it is to be seen in the 
yard of Charing Cross Station. 

Edward always spoke of Eleanor as 
his "chdre reine,** and some people 
have supposed that the name Charing 
Cross really means chdre reine cross. 
This, however, is not so, as the village 
of Charing was so named long before 
Eleanor died. It was probably called 
after some ancient Saxon chieftain 
named Ceorra. 

Edward married again, and, most 
fortunate of kinp, his second wife was 


a woman of lovely character like his 
first. She was Marguerite, daughter of 
tlie King of France. She was kind to 
her stepchildren, and always inter- 
ceded for the young Prince of Wales 
when he angered his father. She con- 
stantly obtained the pardon of debtors 
and other prisoners, and even the 
goldsmith who had made the golden 
crown for Robert Bruce of Scotland, 
and was therefore regarded by Edward 
as a rebel, was pardoned at the Queen's 
request after being sentenced to death 
as a traitor. *' We pardon him,** says 
Edward the First, " solely at the inter- 
cession of our dearest consort 
Marguerite, Queen of Eng- 
land.” 

The English chroniclers 
record no single fault or folly 
of this admirable queen, and 
one declares that she was 
” good without lack.” 

A King to be Proud Of 

Edward fought various 
wars in Scotland to subdue 
its stubborn people, and he 
finally died while on an ex- 
pedition to the north. He 
had bcjcn named by his Scot- 
tish enemies Longshank, and 
the name has stuck to him 
ever since, but why it should 
have l>een given no one can 
say. Though tall, he was 
certainly not lanky, but had 
a fine figure. Ho wore plain 
clothes, enjoyed field sports, 
affected little ceremony, 
and very rarely wore his 
crown. 

When there was need he 
worked as hard as any of his 
soldiers, sharing their food 
and even trundling a barrow 
in the making oif fortifica- 
tions, Once when his con- 
voys had been captured in 
Wales he refused the single 
flagon of wine which had 
been left, saying that he and 
his soldiers must have every- 
thing in commpn. ” We will 
all share the same diet,*’ he 
declared, "until God looks 
on us again, nor will I cat 
bettor than you.” 

Edward the First was a 
monarch of whom England 
may well be proud. It has 
le Welsh tieen said that he a.ssistod 
the march of liberty and that 
he encouraged the advance of the , 
people in their path to power. He* 
may have done so largely because 
lie thought it would help to check 
the arrogance of the nobles, but, 
nevertheless, the nation as a whole 
benefited. 

He has been given the name of 
**The English Justinian,” and that is 
a. high tribute, for Justinian was the 
emperor whose re^n was the moat 
brilliant in the history of the later 
Roman Empire, and has left a fine 
record as an able ruler and an upright 
man. 
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WHAT AN EXPLOSION REALLY IS 


An explosion is only the same kind of chemical reaction that happens when a candle burns. The difference is 
that with the burning candle the combustion or chemical changes take place slowly, while in an explosion they 
take place very rapidly. In these pages we see how an explosion which often causes trouble can be harnessed 
for use. The type of explosion caused by the release of atomic energy is dealt with elsewhere in this work. 


W E sometimes read of an ex- 
plosion in a coal mine, 
or of a gun or bomb 
exploding with the loss of many 
lives, an(i we naturally come to 
associate the word “explosion'* 
with something terrible and dis- 
astrous. A great building or a 
big ship may be blown up, that 
IS, it may be utterly destroyed in 
a moment. 

What exactly causes this, or in 
oUkt words, what is an explosion ? 
It is very interesting to remember 
th.l1 all explosions t'lre not dis- 
astrous. Indeed, modern life 
would be quite impossible if it 
were not for explosions which 
are used in lh(‘ stTvice of man. 

Useful Explosions 

The motor-car or motor-bus 
In which you go to scliool can 
only move because of a constani 
senes of little explosions in the 
engine. These explosions drive 
the pistons to and fro so that they 
will make the wheels go round 
and carry the vehicle forwiircl. 

'J'he man who 
goes out to shoot 
birds or rabbits is 
only successful be- 
cause he causes a 
lillle ex plosion 
inside his gun. On Grams 0/ 

a larger scale the 
quarryinan breaks 
up the rock so that 
it can be taken ^ 
away for building 
purposes by 
causing an explo- 
sion in a crack, 
thereby separa- 
ting large pieces of 
the stone from the 
main rock itself. 

Sometimes 
when you are in a 
room and a coal 
nre is burning m 
the grate, there is 
a loud bang and a 
little piece of 
cinder is blown out 
on to the hearth- 
rug. You pick it 
lip q u i c k 1 y and 
throw It into only the efwt 

the hearth, so that molecules of a 

it shall not burn containing po 

the rug. The gunpowder ea 

cinder was thrown sulphide, whil 



When a candle burns atoms of carbon from the mole- 
cules of matter in the candle are released by heat and 
combine with atoms of oxygen from the molecules of 
that gas in the air, forming molecules of carbon dioxide 
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When gunpowder explodes the same kind of thing happens as when the candle burns, 
only the changes take place rapidly. Gunpowder is made up, as shown on the left, of 
molecules of sulphur, saltpetre and charcoal or carbon. Saltpetre is composed of molecules 
containing potassium (represented by the symbol K), oxygen and nitrogen. When the 
gunpowder explodes the atoms rearrange themselves into carbon dioxide and potassium 
sulphide, while the nitrogen of the saltpetre is released. This all happens very suddenly 


out of the fire by an explosion in 
the fire itself. 

On November 5th, w'hen we 
liave a good time in thi' garden 
with fireworks, we see a whole 
succession of explosions, these 
cau.sing the sparks and balls to fly 
out of a Roman C andlc, a Cal herine 
wheel to go round, and a rocket 
to go up in the air and with a 
loud bang scatter sparks all round. 


The Burning Candle 

Now let ns see what happens 
when an ex])losion takes place. 
Take a candle and light the wick 
with a match. At once there is 
a steady flame, which gt>es on 
burning so long a.s you do not 
blow it ont. But as it burns the 
candle gets shorter and shorter. 
Why is this, and what is happen- 
ing during the burning of the 
eantlle ? 

Michael Faraday, one of the 
greatest scientists that have ever 
lived, wrote a whole book for 
children on the chemistry of a 
candle, and in this he explains 
that when the 
candle burns, some 
of the oxygen in 
the air, the gas 
necessary 
for our lives, com- 
bines with carbon 
’ ' candle, and 

c < forms a gas which 

carbon 

^ aJR dioxide, the old 
' name for which 
jd was carbonic acid 

' of the flame which 
causes the.se two 
- substances, or 

^ elements, as the 

'T** chemists call 

them, to combine 
and form the new 
substance, which 
’ chemists call a 

compound. 

BH it is no use try- 
20 < ing to form carbon 

, dioxide gas by 

: 'v simply mixing 

I candle burns, 
on the left, of 

idofmoleeiillejs n‘^def. and then 
». When the something hap- 

and potassium pens. Ihe mole- 

very suddenly culcs of carbon 


Carton dioxide. 
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and the molecules of oxygen are broken 
up, and the atoms of which both mole- 
cules are formed combine in another 
way, so as to form a new kind of mole- 
cule, that is, the molecule of carbon 
dioxide. This process is called com- 
bustion, or burning. 

Combustion and Explosion 

It does not go on very quickly in the 
burning of the candle. It goes on still 
more slowly in what is known as a slow 
combustion stove, that is, a clo.sed-up 
stove in which we burn anthracite coal 
or coke. The process is even slower 
when a hay.stack l3econies wet, the 
burning or combustion cau.scd by the 
action of the water and the air and the 
hay on one another being very slow 
indeed, but eventu- 
ally enough heat 
may lx? produced 
to cause the hay- 
stack to smoulder 
or even burst into 
(lame. 

When a stack of 
coal is left in the 
open air, as is often 
the case on railway 
premises and in 
coal yards, a certain 
amount of com- 
bustion goes on. 

It is so slow, how- 
ever, as to be 
almost unnoticc- 
able. 

But now let us 
go to the other 
extreme. Some 
gunpowder or cor- 
dite is put into a 
gun and fired. This 
is combustion, but 
it lakes place so 
rapidly that the now gases formed have 
no time to escape gently, as they do in 
the case of a burning candle, or a coal 
lire, and therefore they emerge from the 
mn/.zle of the gun with a mighty rush. 

If gunpowder is burned in an open 
space it burns very much like any other 
material, such as paper or .shavings. 
The ga.ses formed can get away in all 
directions. The explosion occurs when 
the gunpowder or other explosive 
material is put into an enclosed space, 
as in a cartridge, a gun. or a detonating 
charge in a qua^Ty^ 

The shattering effect of an explosion 
is due to a sudden and enormous in- 
crease in pressure owing to the rapid 
expansion of the gases fiirmed. 

An explosive has l)ccn described as 
*' an unstable system which undergoes 
spontaneous transformation within an 
almost infinitely small period of time," 
and this is a good description. 

The elements of which the explosive 
compound is formed are held together 
so in.securely that they are very easily 
and quickly set free and made into 
other combinations. The change is said 
to be spontaneous, a word from the 


Latin meaning '* of one's own acedrd,** 
because the explosion is produced with 
very little effort — a tap or the applica- 
tion of a little heat. 

We may regard as an explosive, then, 
a substance whose molecules are in 
unstable equilibrium. The least thing 
will upset them, just as an egg balanced 
on its end is easily knocked over. Some 
explosives are less sensitive than others, 
and it takes a greater effort to make 
them explode. 

Effaot of Blast 

Explosives seldom do their greatest 
damage at the actual point of explosion, 
but at some distance away. This is 
due to the property called blast. 

Bla.st is produced by the sudden 


lilKjralion into the air of large volumes 
of gas expanding at high pressure, so 
that great quantities of air are suddenly 
]jushcd about in various directions 
from the centre of the explosion. Tlie 
disjdaced air creates pockets or hollows 
in which it is sometimes pushing and 
sometimes sucking. 

An explosion creates a pressure wave 
which travels at about i.ioo feet per 
.second and pushes against any object 
in its path. When the prc.ssure wave 
has passed, the atmospheric pressure 
returns to normal, but in doing so 
creates a partial vacuum which acts 
as a sudden pull on the objects in the 
vacuum. Although the pulling effect 
is weaker than the pressure or pushing 
effect, it la.sts several times longer and 
does much damage to objects which did 
not have time to weaken when struck 
by the shorter-lasting pressure wave. 
Often the pull exerted by the vacuum 
docs the greatest damage ; and its 
effects can always be recognized by the 
circumstance that windows and walls 
destroyed by blast generally fall out- 
wards towards the source of the 
explosion, rather than away from it. 


If the pressure wave lasts long 
enough, objects in its path begin to 
shake violently ; and while they are 
shaking they are pulled down by the 
pulling effect of the vacuum creat^ by 
the return of the atmosphere to normal. 
Objects built of timber or. having many 
joints vibrate much more rapidly than 
stone or concrete objects, therefore 
these solid structures are better able to 
withstand blast. 

It is the dual pu^-and-pull action of 
blast on obstacles in its path that 
produces contradictory effects. Thus, 
in a number of buildings in a blast area, 
some may be destroy^ by the initial 
forward movement of the pressure wave 
and fall before it, while others will 
collapse under the pull-effect and fall in 
the opposite direc- 
tion. Although Uie 
suction is weaker 
than the original 
pressure, it lasts 
several times as 
long, and normally 
does much damage 
to objects which 
had not time to 
weaken under the 
usually brief first 
pressure. 

Blast generally 
spreads outwards, 
with a steep incline 
at the point of the 
explosion, but 
quickly curves back 
towards the ground. 
This explains why 
ol)jects in the im- 
mediate vicinity of 
impact may be un- 
affected while build- 
ings some distance 
away will collapse. 

Animal and human victints of blast 
are killed either by the concussion of the 
initial pressure wave, or by the pulling 
effect created by the resultant vacuum. 
In the latter case the air is extracted from 
the body ; the lungs collapse and the in- 
ternal organs break up. 

There are many curious things about 
explosives as compared with non- 
explosives. For instance, if wc mix 
porous carbon with liquid oxygen, the 
mixture is explosive,, and as a result of 
the explosion carbon dioxide gas is 
formed. But if we take liquid carbon 
dioxide and let it change into the 
gaseous form, there is no explosion. In 
both cases the chemical elements con- 
cerned are the same. 

The explanation is simply that in the 
first instance the production of carbon 
dioxide gas is accompanied by a great 
development of heat, which hastens the 
process, whereas in the second instance 
the changing of liquid carbon dioxide 
into gas, instead of producing heat, 
results in a great absorption of heat. 

A great chemist, Dr. H. Brunswig^ 
sums up the matter by saying that a 
material which requires decided energy 



Far more explosives are used in peacetime than in wartime, and this photograph shows an 
old railway bridge being blown up as the quickest way to make room for a new one. 
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to enable it to undergo a change 
from its initial conditions pos- 
sesses no explr)sive properties, 
blit a material that can be so 
changed that a great develop- 
ment of heat is made possible is 
explosive. 

A very little thing may cause 
a very big explosion. How many 
times some foolish person goes to 
look for an esca]3e of gas in a 
house with a lighted match. Of 
course the heat of the match fires 
the gas and an explosion may 
wreck the building, possibly with 
fatal consccpicnces. 

plosions sometimes t>ccur in 
mills and grain elevators. There 
is a sudden flash, a loud report, 
and the walls are blown out, and 
often the building is set on fire, 
'fhe cause of these expkisions 
was for a long time a mystery, 
but it is now believed tllat the 
explosion is set g*)ing by a spark 
or sparks of electricity gimerated 
by moving parts of the machin- 
ery on a dry day. 



A really useful explosion : a derelict steamer which has 
become a menace to navigation is being blown up 


The dust of flour and grain 
and coal is highly inflammable, 
as also is petrol vapour. We 
know that the petrol vapour in 
the motor engine is exploded by 
an electric spark, and if that 
explosion on a small scale can be 
caused by a spark, there is no 
reason why a greater cx]>1osion 
should not be caused in exactly 
the same W'ay. A very little fric- 
tion will cause an electric spark, 
as when we comb our hair or 
stroke the cat’s back, and even 
when we walk across a carpeted 
floor on a dry day we may gener- 
ate suiheient electricity to make 
a spark jump from our finger to 
any metal or other conductor 
that may be handy. l*robably 
in some such w'ay the mill and 
mine explosions arc often caused. 

It is, of course, difficult to 
guard against such explosions, 
but they may be prevented by 
spraying the floors and walls with 
water. Electricity is not easily 
generated where there ).s damp. 


HOW WE MEASURE THE TEMPERATURE OF A BODY 


W iiKN vve want to know how liot or 
how cold the air is, wc look at 
the thormoiiieter. and if we want 
to test the bath w'atcr we put a tlienno- 
meter into it to see if it is too hot or too 
cold. When we are ill, also, the doctor 
puts a thermometer into our mouth to see 
if our bodv is hotter than it should he. 

Now what IS tem- 
perature .111(1 what is 
a thermometer ? Wo 
must be clear from 
tlie beginning that 
tt'inperature is not 
heat, for two bcnlies 
ol etpial size and 
weight may have the 
same temperature, 
and yet contain 
«piite different quan- 
of heat. 

When we use a 
thermometer to find 
the temperature of 
a IkkIv we are not 
measuring its heat, 
but Its heat -level. 

'I'emperature has 
been defined by the 
scientists as a con- 
dition or state of 
h o d y w h i c li is 
changed by the gain 
or loss of heat. When 
we have tw’o g1as.se.«> 
of water of different 
toiTipcrature.s, the 
one that is hotter is 
really at a higher 
heat-level than the 
colder water. If we 
had two vc.SKels con- 
taining e(]ual 
weights of water at 
different tempera- 
tures, and then 
m ixed these to- 
gether tlie tempera- 
ture or heat-level of 


the hot i.'ator would fall, while the tem- 
perature f th‘ cold water would rist. and 
the temperature of the mixture would be 
midway hetw'een the original temperatures 
of the tw( 

We must have some standard bv which 
to measure tomm*ratures and this the ther- 
niometiT provides. But all thermometers 


are not alike. For all ordinary purposes 
what is known as the Fahrenheit thermo- 
meter is used. Ill this a tube containing 
mercury or coloured alcohol is divided into 
212 degrees. Boiling-point is fixed at 212, 
and freezing-point at 32. so that when aiiy- 
tfiing is at o degrees Fahrenheit it is 32 
degrees below freezing-point. This is c.'illed 
tlie Fahrenheit ther- 
m(>met€*T because its 
inventor, in 1714, 
wasdabriel Fahren- 
heit, a scientist born 
in Danzig. 

Men of .science 
prefer to u.se another 
type of thermo- 
meter. generally 
called the Cent f- 
grade thermometer, 
bec;iiisc ii.s tube is 
divided into joo 
degrees. "Centi- 
grade'* means "a 
hundred steps." It 
is sometimes called 
the Celsius thernio- 
meter. hei^aiisc it 
w.'is invented in 1742 
by a Swedish scien- 
tist nametl Anders 
Celsius. In this ther- 
mometer freezing- 
point is o degrees, 
and 1>oiling - point 
JOO degrees. 

There is still an- 
other thermometer 
used a good deal on 
the Continent, 
called the Rt^aumur 
thermometer after 
its inventor, the 
French scientist 
Rend Reaumur. 
Here there are 80 
degrees, freezing- 
point being o degrees 
and boiling-point 80. 



The three thermometers with their boiling and freezing points and corresponding 
temperatures on the Centigrade and the Rdaumur when the Fahrenheit is 80 degrees 
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EARLY EXPERIMENTS WITH ELECTRICITY 



Most of our electrical power is obtained by frictional electricity generated by a dynamo. The origin of the dynamo was simple, and this 
picture shows the Arst electrical machine made in 1672 by Otto von Guericke, the man who invented the air pump. He made a globe of 
sulphur which he rotated rapidly by means of a large wheel. When a man's hands were pressed against the globe, as shown on the 
right, the friction generated electricity. This he collected by suspending, over the sulphur globe, a long metal cylinder on silken cords, 
with a chain descending to the globe. A glass bottle of water was electrified by suspending in the liquid a chain from the electrified rod 



^ electric^ discoveries were the result of chance. This picture shows one made in the house of Galvani, lecturer on anatomy 
in Bologna University. While his wife was preparing frogs for soup one of Galvani's assistants was working an electrical nssehine. 
The young man touched a frog's leg with a knife and the leg began to move as if it were alive. Madame Galvani told her husband, 
and he repeats the ex^riment with more technical apparatus, and found that whenever the flow of electricity from the machine wes 
brought near the nerve of the frog's leg it moved violently. This led to many discoveries in connection with electricity 
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Wonders of the Sky 



MILLIONS OF UNIVERSES IN DISTANT SPACE 


Our knowled^ of the marvels of the universe is ever growing, and the giant telescope linked with the camera 
and the sensitive photographic plate are revealing more and more of the wonders of distant space. Tennyson's 
words, " Let knowledge grow^ from more to more,” were never truer than to-day, and as our knowledge 
increases the poet's prayer uking that ” more of reverence in us dwell ” must surely be fulfilled. In these 
pages we read about vast universes in hitherto unfathomable distances which have only become known to us in 
the last year or so by mean of wonderful developments in telescopic photography 


T he astounding growth of know- 
ledge since the end of the 19th 
century has compelled us again 
and again to change ideas that were 
suppo^ to be fixed. The infinitely 
small and the infinitely great have be- 
come infinitely smaller and infinitely 
greater with the advance in scientific 
research. 

That the atom was the smallest 
particle of matter that could exist was 
regarded not so long ago as an unalter- 
able fad, a kind of law of the Medes 
and Persians which altereth not : now 
we know that so far from 


Then men began the study of the 
heavens and came to the conclusion 
that those twinkling lights in the sky 
were other worlds, an idea that was 
developed rapidly after the invention of 
the telescope. The word universe was 
now extended to include not only the 
world hut the Sun. planets, stars and 
the nebulae. 

A faintly luminous band was seen to 
go across the heavens from horizon to 
horizon, and as telescopes became more 
and more powerful this band was found 
to be made up of millions of stars. The 


ancients, with their fanciful imagina- 
tion. liad likened it to a stream of milk 
and had called it ** The Milky Way or 
“ Galaxy *’ from the Greek word 
galaktos, meaning milk. The Universe 
had now expanded to include these 
my raid stars or suns and the other 
isolated stars of distant space outside 
the Milky Way. 

But in recent years an entirely new 
conception of the Universe has come 
to men of science as the result of 
observation through the more powerful 
telescopes now found in the great 
observatories of the 


lieing the smallest particle 
an atom is really a collec- 
tion of i)articles. a kind of 
miniature solar system 
with a nucleus as its sun. 
and whirling electrons as 
the planets circling round. 

At the other extreme 
of the scale we have space 
and stars exfianding to 
distances which were 
never dreamed of at the 
beginning of this century. 
In other words, the Uni- 
verse has grown by leaps 
and lH>unds and as the 
|)ower of the telescope 
increase's, so more and 
more of the realms of 
sfxtce come into view. 

A Mysterious Region 

Wiat is the Universe ? 
The word itself comes 
from the Latin and 
means '* ail together," or 

all taken collectively," 
and as such it is a good 
word. But what is All ? 
Centuries ago the Uni- 
verse meant the world on 
which man lived. Very 
little of it was known- 
just the belt of land sur- 
rounding the Mediter- 
ranean Sea — and all be- 
yond was the mysterious 
region extending far into 
unknown distances. 

The world was the uni- 
verse. and even to-day we 
are reminded of tiiis by 
the fact that a history of 
the world is still ewed 
a universal history. 



This remarkable photograph was taken by means of a camera in con- 
junction with the xoo-inch reflector telescope at Mount Wilson Observatory, 
California. Most of the points of light seen are not stars but nebulae or 
universes millions of milfions of mUes in diameter. Bach contains either 
of millions of stars or enough glowing gas and dust to make up 
such a host of stars. The photograph, published by courtesy of Mount 
Wilson Observatory, shows only a small part of the heavens in the neigh- 
bourhood of the constellation Coma Berenices or Berenice’s Hair. In 
other parts about two million such nebulae can be photographed 


world, chiefly in America. 

Faint patches of light 
had already been seen in 
different parts of the sky, 
one of them at least being 
recorded by a Persian 
astronomer, as far back 
as the tenth century. 
They were called. l>ecause 
of their hazy appear- 
ance. Nebulae, the plural 
of a Latin word nebula, 
meaning mist or vapour. 

Stars Innumerable 

Seen through small 
telescopes they certainly 
look like white clouds, 
but as more and more 
powerful telescopes have 
been introduced and used 
in conjunction with 
cameras and sensitive 
photographic plates, 
many of the nebulae have 
been found to consist of 
innumerable stars, while 
others which appear as 
clouds have stars scat- 
tered among them. 

It might have been 
expected that the more 
powerful the telescope 
the more of these nebulae 
would be seen, and such 
is the case. The number, 
however, has grown to 
far greater dimensions 
than had been conceived. 
At the present time about 
two million nebulae have 
been recorded, but not 
only has their .number 
grown to this amazing 
extent, with increased 
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knowledge, their distance from the down 1470 with 1 8 noughts after it we Now let us come back to the nebulae. 

Earth has been pushed back farther shall then get the number of miles that The latest idea of the astronomers is 

and farther. Some of them. Sir James some of the more distant nebulae are that many nebulae are not merely huge 

jeans, the great English astronomer, from our Earth. clouds of shining gas or vast clusters of 

tells us, are 140 million light-years Of course, these figures are too big stars which form part of our Milky Way 
away, while Dr. Henry Norris Kusscll, to mean much to us, but they do give universe, but are other universes, each 

Director of the Observatory at Prince- us some idea of the immensity of space a kind of Milky Way in distant spa^e. 

ton University, says some arc 250 and the inconceivably vast size of the The astronomers distinguish various 

million light-years distant. Universe as we know it to-day. Per- kinds of nebulae, and one kind, like 

Now a light-year is the distance a ray haps in years to come men of science the Great Nebula in the constellation 

of light will travel in a year. The will have found out so much more that Orion, forms psirt of our Milky Way 

speed of light is 186,000 miles per they will smile at our ideas of the universe. There are others of the same 

second, and therefore a light-year is Universe, just as we smile at those of kind, all in this universe to which we 

5.876.068.880.000 miles Tf w^e write the men of the ancient world. belong, and they are very irregular in 





This magnificent photograph, taken at Mount Wilson Observato^, shows the central portion of the Great Nebula in the constellation 
of Orion. It consists of clouds of dust and luminous gas stretching across immense areas of qiaoe, and is the finest of all the gaseous 
nebitoe which we know. Its size baffles our imagination. It Is 35 light-years in diameter, which means that from one side to the 
other it is nearly 150 million million miles. Our world placed in its midst would be hut a grain of sand 

198 





A UNIVERSE OF INCREDIBLE SIZE 



The Great Nebula in the constellation Andromeda has been known for centuries, for it is visible to the naked eye. But it is only in 
ment years that its true nature has been discovered. This wonderful object is, Sir James Jeans tells us, another universe like the ereat 
Milky Way universe to which our solar system belongs. The Andromeda Nebula is so far away that its light is said to take 900,000 years 
to reach us, which means that if it were blotted out of existence to«day it would still be seen in the sky from our Earth for 900,000 years 
niore. It contains thousands of millions of stars, and is 50,000 light-years across from one side to the other. As we look at it through 
* telescope we can, in a moment of time, glance across nearly 500,000 million million miles of space. It is a staggering thought, and we 
may well be thrilled as we look at this photograph taken at Yerkes Observatory, U.S. A., and realise the distance from one side to the other 
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shape, something like a drifting mass 
of steam or smoke. 

At one lime it was thought that they 
were great clouds of glowing gas, but 
now it is believed that they consist 
not only of luminous gas, but also of 
huge clouds of dust, called by scientists 
“ cosmic dust,** sometimes lighted up 
by the stars in their midst and some- 
times remaining dfirk so as to blot out 
the stars behind them. There are big 
dark patches in the skies which were 
formerly thought to be empty spaces, 
but are now believed to be caused by 
these dark nebulae. 

WIsp-llke Nebulae 

Sometimes the irregular nebulae, 
instead of bring like bunched clouds, are 
wisp-like in form. One such nebula 
is seen in the constellation ("yf^nus. 
I'his is believed by some a.stronomers 
to be really the edge of a great dark 
nebula lighted up by the stars, very 
much as the edge of a black cloud in 
our sky can be lighted up by the Sun 
shining through or upon it. 

These irregular nebulae, however, are 
quite different from the other class of 
nebulae away in space beyond the 
Milky Way. Those are more or less 
regular in iorm. Some are like globes, 
some like rings, some like discs ; others 
have the shape of a dumb-bell or a 
spiral, and these regular shaped nebulae 
are now thought to be self-contained 
universes similar to our Milky Way 
universe, though smaller, and their 
different form.s are believed to be due 
to the fact that they arc at different 
.stages of their histo^. 

Some are young like babies or chil- 
dren, others are in the youth stage ; 
while others are adults, some mid(lle- 


agcrl and others old. It is these nebulae, 
which Sir James Jeans calls Star-cities, 
that are so inconceivably distant. The 
neare.<tt of them is a nebula in the 
constellation Triangulum, and this 
is 850,000 light-years distant. The 
st*coiid nearest is the Great Nebula in 
Andromeda wliich is 900,000 light- 
years distant. 

Not many of the nebulae can be 
seen with the human eye through the 
telescope, but they are recorded on 
sensitive photographic plates. At some 
points in the heavens, indeed, the 
majority of the patches that appear on 
the plates arc nebulae and not stars. 
One such cluster of nebulae occurs in 
the direction of the constellation Coma 
Bcienices, or Berenice's Hair. 

The largest of all the universes that 
occupy space is believed to be our Milky 
Way system, and Sir Janies Jeans 
compares it to J^ndon, the largest city 
in the w-orld. So big is it that some 
astronomers think that it consists of a 
number of overlapping Star-cities. 

London and the Star-cities 

If loindon represents the Galactic 
system in size,” says Sir James, ” Cam- 
bridge and Oxford just aliout represent 
the sizes of the two nearest Star-cities. 
And the comparison holds good in 
re.si>ect of the numb£‘r of inhabitants as 
well as of the arrangement in space ; 
T.x>nd()u has roughly 100 times as many 
inhabitants as Cambridge or Oxford, 
and our Star-city contains something 
like 100 limes as many stars as either 
of its two nearest neighbours.” 

Another astroiiom<*r. Dr. Shapley, 
says : ** If the nebulae arc island uni- 
verses, the Milky Way is a continent.” 

The Milky Way system to which we 


belong is like an immense flattened lens 
in shape, its greatest diameter being 
300,000 light-years or, in miles, nearly 
e(|ual to 1,763 followed by sixteen 
noughts. Its thickness is 100,000 light- 
years or, in miles, nearly 59 followea by 
seventeen noughts. We read some 
further facts about these nebulae. 
Star-cities or Island-universes, as they 
are called, in other parts of this book. 

Millions of Glowing Suns 

But what a stupendous fact it is to 
think of the universe or the ” all 
together ” consisting not only of the 
Milky Way with ils millions of glowing 
suns, but of millions of other similar 
universes scattered throughout a space 
so vast as to be quite inconceivable. 

The powerful telc.scopes of recent 
cars have revealed these facts to us, 
ut .scarcely less wonderful is it that 
th(^ mind of a great philosopher who 
lived 200 years ago, Immanuel Kant, 
the son of a saddler of Scottish origin, 
conceived this amazing idea of the 
universe. 

” If,” he wrote in 1755, " the gran- 
deur of a planetary world in which 
the Earth as a grain of sand is scarcely 
perceived, fills the understanding with 
wonder, with what astonishment are 
wo transported when wc behold the 
infinite multitude of worlds and systems 
which fill the extension of the Milky 
Way ! But how is this astonishment 
increased when wc become awari‘ of the 
fact that all these immense orders of 
Star-worlds again form but one of a 
number whose termination we do not 
know, and which perhaps like the 
former, is a system inconceivably vast 
— and yet agitin but one member in a 
new combination of members ! ” 


THE BRITISH ISLES AS SEEN FROM THE SUN 


As we know, owing to the tilt of the 
Earth the Sun's rays do not 
^ always strike a particular region 
at the same angle The warmth or 
otherwise of a country dejiends uptin 
the directness of the Sun’s rays, and as 
we can see on pages 182 and 183, 
countries which arc on or near the 
Equator receive the Sun's rays more 
directly than countries north oir south. 



Britain seen from the Sun in summer 


I''urther, the heat depends less upon 
our nearness to the Sun than nix)u the 
direction of the rays That is why 
although in winter we are some three 
million miles nearer the Sun than we 
are in summer, the heat we receive is 
much less than it is in summer. The 
same amount of sunshine when the 
rays come slantin^y has to cover a 
greater area of the Earth's surface than 
when they come directly. 

I'he maps given here, which have 
been drawn in perspective, show what 
that part of Europe which contains the 
British Isles would kx>k like if it could 
be seen from the Sun at different 
seasons of the year. 

In the first map wc are looking at 
the British Isles from the Sun at noon 
oil Midsummer Day (Greenwich time) 
It is obvious that the rays of light and 
heat piissing from the Sun strike fairly 
directly uixm this part of the Earth's 
surface. 

Now let us look at the other two 
maps. The top one shows what this 
same area woula look like if it could be 
seen by a spectator on the Sun at noon 
in midwinter. Wc can .see that now the 


Sun's rays must be striking this area 
very slantingly, and consequently much 
less' heat and light arc received than at 
midsummer. 

I'hc lower map shows the British 
Isles and the north-west part of 
Europe at noon on a spring or autumn 
day. Here, of course, the Sun’s rays 
strike much more directly than at mid- 
winter, but less so than at midsummer. 



A Sun view of Britain in winter and spring 




Marvels oF Machinery 



SOME STRANGE FACTS ABOUT FRICTION 

Why do we oil our bicycles ? And how is it that by putting on the brake we can stop a motor^-car or train ? 

There would seem to be little or no connection between these two things, and yet they are both dependent 
upon the same principle. It is to get rid of friction that we oil the axle of the bicycle wheel, and it is to cause 
friction that we put on the brake of the motor*car or railway engine. Friction, indeed, is of great importance 
in machinery. Sometimes the engineer strives with might and main to get rid of friction, and at other times 
he uses it to further his purpose. Here are some interesting facts about friction, and how it helps and hinders us 


F riction is a fact that all engineers 
and those who use machinery 
have to take into consideration. 
It is indeed one of the. most important 
facts 111 our lives, and strangely enough 
It is lioth a friend and an enemy. 

11 works for us in all sorts of ways. 
If it were not for friction wc could 
not walk or hold a pencil or get up 
when we had fallen down, nor when 
a train or a motor-car or a cart liad 
been started could it be stopi>cd, excc‘pl 
l)y running into some obstacle hc^avier 
ififui itself, such as a wall or hill. 

A Task for the Engineer 

On the other hand, engineers .spend 
a great deal of time and money in 
t rying to overcome friction and do away 
with it as much as iiossible. The 
more nearly they can abolish friction 
the more eiticiently do their machines 
woik. If men could get rid of friction 
altogether they might then make a 
perpetual motion machine, that is, 
a machine t hat once started would go on 
for ever without stopping or wearing 
out. 

What exactly is friction ? Well, it is 
described by the dictionary as " the 
resist fince which a moving body meets 
with from the surface on which it 
moves,’' and that is a very gtwd 
deiinition. 

Some surfaces can be polished very 
highly, as in the case of a well- 


burnished nic-tai surface or a sheet of 
glass. lJut no surface is really smooth 
in the sense that it has no minute 
projections jutting out from it. We 
see these clearly enough in a piece of 
rough stone or on the surface of a 
biscuit, for example. But we need a 
very powerful microscope to see the 
projections on a piece of brightly 
polished steel or a sheet of plate glass. 
Nevertheless they are there all the 



The highly polished surfaces of a shaft and 
bearing magnified to show the inequalities 
which lead to friction 


same, and the amount ol friction or 
resistance when wc move one surface 
over the other depends upon the 
smoothness, that is. tlie degree to which 
the projections have been removed. 

'Fhe diagram on this page, which 
shows two surface.s in contact, repre- 
sents how the projections on one inter- 
lock with the indeiitationvS on the other, 
and thus hinder the progress of move- 
ment. 

It is friction that prevents a machine 


from doing the full amount of work it 
should do, that is, giving out as much 
energy as is put into it. There is, 
l>ei'ause of friction, no perfect machine. 

Friction causes things eventually to 
wear out. ivhether they be machines 
or bicycle tires or clothes or chairs 
or carpets or paving stones or black- 
lead pencil points. The interlocking of 
the minute pro|ections as one surface 
passes over another causes some of 
those to be nibbed off and tliat, of 
course, is wear. 

Some Ingenious Devices 

It will be seen, llierefore, how 
important it is to the engineer to reduce 
friction as far tis possible, in such 
plates as the )>carings in wliich axles 
turn, and so on. If a shaft or Mxle 
turns in a metal bearing, rubbing 
against it all the time, it is not long 
before both axle and bearing arc worn, 
and have to be renewed. 

To get over this difficulty in 
machinery various ingenious devices 
have been invented. For instance, 
v:e. use oil to lubricate machinery, and 
the effect is that the axle or shaft, 
instead of turning on the bearing and 
wearing both out, now movc.s round in 
a film of oil, which .spreads all round. 

A liquid is almost incompressible, 
that is. under pressure it cannot be 
sc}ucc/.ed into a smaller space, and so 
when the bearing is kept oiled there is 



On the left ii a iteft turoing in e beuing without lubr«ati<m. TJere it ^ fr ic^ at Uie on the ^ tow^ 

the shaft is rotatina. fo the centre we see hew by lubriettion a 81 m of od suitoundt the shaft thus greatly reducing fnetwa. TherighU 
picture dear how haU-bearingt miniraite friction by redudag tiu poistt of contact 
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a thin coating of the fluid between the 
shaft and the bearinjs:. This is much 
smoolhor for the axle to move in. 
and so the friction is greatly reduced. 

Another way of reduciiif? friction 
is to use ball beariiiRs, as we do in tlie 
case of our bicycle w'heels. Hut why, 
we may ask. should ball beariri#*s reduce 
the friction ^ Well, there arc two 
reasons. In the first place, as wo can 
SCO if \v(‘ look at the picture on pa^je 
201, the points of contact between a 
shaft or axh‘ and a set ol ball bearinRS 
are far fewer than between a sliaft 
and a bearinR without the balls. The 
surface that sets up friction is therefore 
of much less area, and so tlicre is less 
friction. 

Rolling and Sliding Friction 

But there is a second reason why 
ball bearings an* so useful. There 
are two kinds of friction, one known 
as sliding friction, which is due to a 
body beiriR puslu^d or slid over another, 
and rnlliiiR friction, which occurs wdien 
one body rolls over another, as in the 
case of a wdieel travelling aloiiR a road. 
KolUviR friction is much less than 
sliding frictifin, as we can prove for 
ourselves by a very simple experiment. 

Fill a wooden box w'ith .stones and 
try to drag it across the ground. 
You have to i*xert a grt'al <leal ol energy 
to do so. Now place the box of stones 
on a framework with whecds, or juit 
it on rollers and roll it along, and you 
will find that much less energy is 
needed. TJiat is why the wheel is one 
of the greatest inventions that man 
lias ever made, and it is wdiy ball 
bearings and roller bearings in 
machinery are of such enormous 
advantage?, and help the machine to 


give out much more power than it 
would without their aid. 

How much greater sliding friction is 
than rolling friction we can prove by 
another simple exjxsriment. Take any 
wheeled vehicle, such as a toy cart 
or a perambulator, and see how much 



How oiling the mangle wheels reduces 
friction by separating the wheels with a 
film of slippery oil 


more difticult it is to pull it over the 
ground sideww\s than to roll it to and 
fro on the wheels. In the former 
case we ex]>eriencc sliding friction, 
and in the other case rolling I fiction 
But now we come to a strange para- 
dox in connection wdth friction. Seeing 
that the engineer spends so much time 
and money and ingenuity in over- 
coming friction and refliieing it to a 
minimum, w'o might think that if he 
could get rid of it altogether his 
machines would work perfectly But 


the strange thing is that they would 
not. for while friction hinders us a 
great ileal, it also helps us 

I.,et us take one or two examples On 
a railway line the friction Ixttween the 
wheels and the rails is reduced to a 
minimum. But supposing it were 
abolished altogether, the train would 
stand still. It could not start at all. for 
there must be a certain amount of 
friction in order that the wheels may 
grip the rails and be enabled to carry 
the train forward. If there were no 
friction the wheels would go round and 
round and the train remain stationary. 

Where Friction Is Needed 

But if by any means the train could 
be set going, if there were no friction 
it coulfl never .stop without a colli- 
sion, for it is by using the friction of 
the brakes on the driving wheels that, 
after the steam is cut off, the train can 
be brought to a standstill. The small 
amount of friction that exists between 
the wheels and tlie mils also helps in 
pulling lip the train. 

It is because of friction that pieces of 
wood can be nailed together. Were 
there mi friction betw^'en the nail and 
the wood the nail would turn round and 
round and slide out (piite (‘asily It is 
friction that gives the grip Without 
friction, unless a surface were as level 
as a billiard table everything would 
slide oft 

It there were no friction it would be 
impossible to drive machinery by belts 
and pulleys, for there would lie no grip 
between the belt ami the pulley, and so 
the driving wheel would move round 
ami round in the belt without turning 
it. Without friction, lA couise, the 
motor-car could not move along the 



One way in which friction is of great assistance. The man is able to hold the ship to the quay because of the enormous friction between 

the rope and the bitt or post round which it is twisted 
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road, but even supposing it had been set 
going before friction was abolished, we 
siioukl now be unable to steer it, for 
when we tried to grip the steering wheel 
our hands would slip right round 

If Friction Failed 

Nobody could pull anything along by 
grasping a rope, for the rope would 
slide through their lingers. Sonietimcs 
on a railway, when it has been raining, 
the rails become what is described as 
" greasy," and wlien a train tries to 
start the engine wheels turn round and 
round and cannot grip the rails, because 
friction has been so greatly reduced. 
This IS a slight example of what inighl 
happen if in certain cases friclion wen* 
reduced too much. 

Various methods are adopted of re- 
ducing friction. When, for instance, a 
new ve.ssel is to be lauru'lied the slij»s 
down w'hich it is to slitle are heavily 
gi eased or soa])ed so as to reduce the 
friction between the ship and the 
tiiiihcr. Graphite or powdered black- 
lead is .somelirnes used for lubricating. 
In this case and in the case of the soap 
t)r fat the frietiori is reduced by the 



Friction holds the nail in the wood 


lubricating substance filling up the 
inequalities of the rubbing surfaces and 
making them very much smoother than 
they w'oiild otherwi.se be 

One other fact about friction must 
lx? remembered, and tliat is that wh(»n 
the friction is between a solid body ancl 
a fluid the friction increa.ses with the 
speed. This is the case with a vessel 
travelling through the water, and with 
a Ixxiy travelling through the air The 
friction of the air is very small with a 
slowly moving train, but it becomes a 
very great factor when a train is 
travelling at high speed 

Friction of Air and Water 

A liner with a total weight of 38,000 
tons can be driven through tlie sea at a 
speed of 17 knots by engines of 14.000 
horse-power But a liner weighing 
2r>,ooo tons needs engines of 40,000 
horse-power to drive it at a .speed of 24 
knots. l‘he friction of the air, too, is very 
great in the case of a fa.st travelling 
aeroplane or airship, and that is why 
aircraft are alw^ays designed so that 
the form will offer the least possible 
resistance to the air. 


MACHINES THAT PRINT & GUM 10,000,000 STAMPS A DAY 



What tort of a «wrii{n» j, it that prints, perforates and gums the millions of postage stamps that are used in alt cirilised countries 
every day of the year ? Well, here we aee on the left a machine that prints and perforates ten million tUmps a day. A roll of 
paper is put in at W end and comes out at the other end printed and perforated. Then the rolls pass to the gumming machine, 
leen on &o right, where they receive a layer of gum on one side, and afterwards the paper is passed through a special machine which 
dries the gum eo that the stamps are then ready for cutting up into sheets for sale at the post office 
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HOW A FOUNDRY MELTS IRON FROM 


BLAST FURNACE 



25 Ton Ladle Basic Slag for Fertiliser 


In this double-page picture we see in detail the whole process of obtaining iron from its ore and converting the iron into stMl. Iron ore, 
limestone and coke are fed from trucks carried on a skip hoist into the top of a blast furnace. Intense heat is generated in the furnace 
by blowing on to the glowing coke a blast of hot air through openings c^led tuybres. The hot gases which^ escape from the coke in 
the furnace are carried through pipes to a purifier. Some of the purified gas is lued to drive the blowing engine which compresses the 
air for the furnace blast ; the remainder of the gas is stored in a gasometer and sold for domestic consumption. In the blast furnace 
the iron is melted out of the ore and the molten iron is then drawn off from the bottom of the furnace and poured into lad le s mounted 
on iMgie truclu and hauled by a locomotive to the Bessemer plant. The slag or refuse matter from the ore is also drawn off from the 
furnace, ^t through an outlet higher than that from which the iron flows ; this is because the slag is lighter than the molten hon and 
floats on top. The slag is hauled away and used for road-making and similar purposes. In the Itasemer plant the ladles of fatten 
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ITS ORE AND CX)NVERTS IT INTO STEEL 


Hot Gob 


Gas Purifier 


^ Purified Sas. 

Q High Pressure Air 
y Hot High Pressure Air 


Domestic Ges 
SupplyingTomt 



'Peaning Machine in^ Moulds 


Manipulrior 


iron are into a container for mixinK with aoda. The iron, atiU molten, is next poured into a converter and has added to tt 

lime and s^eel. The converter is heated bp glowinK coke and when full is turned upright and a jet of high-pressure cold fix U blown 
into the The force of the air causes a blast of flame to issue from the top of the converter and this carries with it unwanted 

so converting the iron into steel. The converter is then medianlcaltp swung over and the mo^ sted pour^ into a ladle 
carried on a vehicle <^ed a Teeming machine. Samples of the steel are scooped out of the ladle to ^ ** the steel is 

up to standard tt is poured into the ingot moulds. The ingot moulds are hauled on trudm to the rollmg.mill. There cranes place the 
uwots on to a aeries of roUeis and guard laiU called a manipulator which feeds them between power-driven rollers. The rollets can be 
so adjusted from a control cabin that tiieir pressure is increased or decreased, and thte governs the thickness of the ingot passing between 
them. from the rotUng-miU. the ingots of steel are csUed blooms, and are readp for casting or machining into any shape 






THE INSIDE OF AN ACTIVE VOLCANO 



The Earth on which we live has a very hot interior. It was once a ball of fire, but the outside hu cooled down into a hard cnisti though 
underneath rocte are still in a molten state. From time to time there are underground explosions, and it is fortunate for us who live 
on the outside of the crust that the Earth has all round it a number of safety valves where the hot gases can escape, otherwise gn^ 
areas of the Earth’s crust might be blown away. These safety valves we call volcanoes, and here we see the inside of a volcano, with 
its reservoir of molten rock, or lava. We are not sure what causes the periodic explosions underground, though we know that m many 
cases they are due to sea water trickling through cracks in the Earth's crust and reaching a bed of molten rock, when it is instantly 
turned into steam and hurls up masses of lava with ashes, hot gases and steam. The conical mountain that we call a volcano is really 
only part of it, as we see above. The volcano includes those parts that are out of sight, deep down in the Earth’s crust 
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THE EARTH’S MANY SAFETY VALVES 

Volcanoes arc the safety valves of the Earth. Beneath the Earth*s crust at varying depths lie molten 
rocks, and sometimes explosions occur deep down which would blow away a portion of the crust were it not for 
the volcanic vents through which the gas and lava can escape. The true nature of volcanoes is explained 
in these pages and we are able to see how it is that eruptions occur 


S CATTERKD about the world there arc 
between three and four hundred 
moiintiuns that from time to 
tiTue spurt out tiro, often overwhelming 
the whole district round for many miles 
witli devfistation. 

1'hesc mountains have from ancient 
times been called volcanoes. The name 
was originally given to Mount Etna and 
to Stromboli in the Lipari Islands, 
because they were regarded as b<'ing 
the locality where the god Vulcan had 
his fires and forge. Then as other 
volraiioc's were disc^ovcrcid, the name 
was applied also to them, and now any 
mountain that throws out fire, or i's 
known to have done so in the past, is 
t:allc‘d a voleano. 

Volcano(‘s. however, arc divided into 
three classes. First there an; active 
volcant>cs, those which nowadays be- 
come active more or less frequently, 
such volcanoes, for instance, as Vesu- 
vius, Etna, StromVjoli, and 0 >topaxi in 
the Andes of Ecuador, the tallest active 
volcano in the whole world. 

'fhen there are dormant volcanoes, 
the word dormant tiieaning sleeping, 
and this name is applied to those which 
<*riipt only occasionally. Vesuvius, for 
exain]>le, is a type of volcano which is 
dormant from lime to time. 

Extinct Volcanoes in Britain 

Finally, there are what are known 
€is extinct volcanoes, those from which 
n<» eruption has Ix^n reeordefl during 
tlie history of man. Snowdon and 
various other mountains in Great 
llritaiii are extinct volcanoes. 

'I'he volcanoes which intere.st us, 
however, are. those which still have 
eruptions more or less frecpiently. There 
is only one sucli on the cominent of 
F.uro]»e, and that is Vesuvius. 

We all know how in the year A.n.yg, 
after it had been dormant for many 
years, loud explosions were heard 
inside the earth and a strange cloud 
appeared over the summit of tlie 
I non n lain. Then came the terrible 
eruption which buried Pompeii and 
Herculaneum in ashes, and destroyed 
many people. Since that time Vesuvius 
has had miuiy eruptions. 

But although there is only this one 
active, volcano on the mainland of 
Europe, there arc several on the islands 
lying off the coast. The most notable 
is, of course. Mount Etna in Sicily. It 
is two miles high, over a hundred miles 
in circumference at the base, and in 
addition to the giant cone which was 
known to the Romans as the Forge of 


Vulcan, there arc about 200 smaller 
cones on its slopes. 

Then there is Stromboli in the T/ipari 
Islands, an irregular cone, rising from 
the floor of the Mediterranean to a 
height of over a mile, one half being 
above the level of the sea. For the last 
two thousand years this volcano has 
been active, though not dangerously 
so. It throws out clouds of steam and 
showers of stones, and at night the 
cloud which hangs over il is illuminated 
with flashes of light, so that Stromboli 
has come to be known to sailors as the 
Lighthouse of the Mediterranean. 

It is also useful to sailors as providing 
an automatic storm warning, for il bc- 
ccimes more active when the pressure 



Some of the changes that have taken place 
in the shape of Vesuvius during the past 
nineteen centuries 


of the atmosphere is low and gales 
are to be expt^cted, while, on the 
other hand, when the barometer rises 
Stromboli*s eruptions liecoiiie far less 
violent. 

I'hcre are also a number of volcanoes 
in Iceland of which the most important 
are Hecla and Skaptar Jokul. Some- 
times Hecla has remained active for 
six years, and once a huge explosion 
blew off its top so that it lost 500 feet 
of its height. 


It was Skaptar Jokul, however, that 
provided the mightiest eruption that 
lias ever occurred on the earth in the 
history of man. In 1783 a flow of lava 
started that continued for two years 
and covered a thousand square miles 
of tlie island. There were two streams 
of lava flowing in opposite dirrelions, 
one 40 miles long and the other 50. 
juul it i.s said that in the first 25 days 
the volcano poured out more lava than 
Vesuvius and Etna together have done 
in all their eruptions during thirty 
centuries. 

The total amount pruired out during 
this eruption of Ska])tar Jokul is esti- 
mated at several thousancls of millions 
of Ions, a quantity sufficient to build 
up a mountain as big as Mont Blanc. 

So much for the volcanoes of Europe. 
The world's active volcanoes are 
generally found where the eartli's crust 
is weakest, that is where it hixs wrinkled 
into mountain ranges, especially near 
the sea coast. The majority of the 
worldls volcanoes are found in one of 
two belts. The greater is that which 
surrounds the Pacific Ocean from Tierra 
del Fuego, all up the Western coa.st of 
America, across the Aleutian Islands, 
through Japan and the Philippine 
Islands, the Dutch East Indies, the 
Australasian Islands and down to New 
Zealand. The other belt, which is not 
such a regular one, goes acro.ss the earth 
from Hawaii, through Mexico and the 
West Indies, and the Mediterranean 
region to the ICast Indies. There are a 
few other volcanoes outside lhe.se areas, 
but most are found in these two belts. 

What a Volcano Really Is 

What is a volcano ? Most people 
think it is the pyramid-shaped moun- 
tain that we see iis in Vesuvius or Etna, 
but this is only the cone. A volcano is 
really an opening in the earth's crust, 
through which lava or molten rock and 
other fiery materials arc ejected. 

Much of this material becomes piled 
up round the opening and thus forms 
the cone, its steepness depending on the 
kind of material that is tlmiwn out, 
coarse or fine, liquid or solid. In tlie 
top of the cone there is generally a 
cup-shaped depression, and this is 
called the crater. It is well that we 
should know the right names for things. 

It must lie noted that volcanoes are 
most abundant in regions where earth- 
quakes are frequent, and it is almost 
certain that both have the same kind 
of origin. Often an earthquake pre- 
cedes a volcanic eruption. In all cases. 
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there are subterranean rumblings before 
the eruption. Scientists arc not all 
agreed as to exactly what causes the 
eruption, but there is no doubt that it 
is due to the internal heat of the 
Earth. The pressure at great depths 
is enormous, and in some way a gas 
explosion occurs and something has to 
give way. 

Volcanoes are really 
safety valves for the 
Earth. When the ex- 
plosion takes place the 
great volume of gas 
suddenly released must 
escape somewhere, and 
it does this through a 
weak spot , cither the 
main crater of the 
volcano or through 
ii.ssiires in the sides. 

An eruption is really a 
volcano clearing its 
throat. 

Jf, during a period in 
which it has been dor- 
mant, the crater has 
become filled up with 
falling blocks of rock, 
then, when the explo- 
sion occurs, these are 
hurled out, often to a 
great height. The molten rock is often 
mixed with water, and it is sometimes 
the sudden formation of steam that 
causes the eruption. 

Where the volcano is near the sea it 
may be due to sea water trickling 
through cracks in the Earth's crust, and 
at last reaching a basin of molten rock. 
This is no doubt what happened at 


Krakatoa, a small island in the middle 
of the Strait of Sunda in the East Indies. 

On August 27th, 1883, there occurred 
there the most terrific explosion that 
has ever been known. A great column 
of dust and vapour was shot up twenty 
miles into the air. The roar was heard 
3,000 miles away, and was noticed over 
a thirteenth of tlie Earth's surface. 


Windows were broken and walls cracked 
in Batavia, a hundred miles away, tw'o- 
thirds of the island were blown to 
pieces, the disturbance produced a sea 
vrave one hundred feet high which 
rushed round the neighbouring 
countries and waslied away more than 
36,000 i^ople, and the fine dust was 
carried right round the world. 


When a violent eruption occurs the 
top of the cone is often blown from a 
volcano so that its shape is changed. 
Vesuvius has varied greatly in appear- 
ance owing to this cause during the 
centuries. During the great eruption of 
1906 the top of the cone was blown 
away, so that the mountain became 
several hundred feet shorter. 

The molten rock that 
pours down the moun- 
tain side solidifies into 
a hard substance, and 
the froth or foam on 
top when it hardens 
bi^omes pumice stone 
so light that it will 
float in water, owing to 
the many air bubbles 
inside. Pumice stone 
is also formed in an- 
other way. When the 
lava is thrown high 
into the air and be- 
comes solid as it falls 
to the earth, it often 
becomes filled with 
bubbles by expanding 
gas so as to become 
frothy or spongy. 

When lava gets 
weathered into fine 
dust it forms an excellent soil for 
growing crops. Molten lava often pours 
dow^n a mountain at 50 miles an hour. 

A very popular idea is that a volcano 
in eruption pours out great flames of 
fire, but this very rarely happens. 
What appears to be flame is really llie 
reflection on the cloud of vapour of the 
fiery molten rock in the crater. 



This is Stromboli, the famous volcano which is often called the Lighthouse of 
the Mediterranean. It rises to a height of over 3,000 feet, and is always active, 
although sometimes more so than at other times. The name '* volcano,” after 
Vulcan, the god of fire, was first given in ancient times to Stromboli and Etna 



Covering Greenland and other land regions of the Arctic north are fields of ice sometimes nearly a mile thick. These ice-fidds are like 
huge glaciers, and move slowly towards the sea. When at last the ice reaches the sea the sheet cracks and huge fragments break off and 
float away south as icebergs. When they reach the warmer water and the more powerful sunshine they gradually melt and become merged 
in the ocean. Of course, while they are floating about in the sea, th^ are a great menace to shipping, espedally when they cross the 
Atlantic trade routes. It is believed to have been collision with an icebe» that led to the sinking of the Titimic. In this picture we see 
a glader arriving at the sea, where the buoyancy of the water shears off the icebergs which float away south. In some parti the flm 
towards the sea of the ice in the form of a glacier or ice-fidd is as much as forty or fifty feet a day. Vast as are the glaciers and ice-fteHU 
in the Arctic, they are exceeded by even more stupendous examples in the Antarctic, where the ke is said to be several iliiles thick 
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WHY THE WAVE MOVES ON AND THE WATER REMAINS 



These pictures explain the mystery of why the waves appear to travel forward while the water composing them remains in the same 
place. A cork floating on the sea, for instance, bobs up and down while the waves continue to pass it. The water of a wave reallv 
moves in an orbit. At A the particles of water are at the crest of a wave and as the wave moves forward the particles of water at A 
pass downward and then back in the trough and upward in front of the succeeding wave. At the same time the particles in the trough 
of the wave at B pass up and down again in an orbit So it is with the various groups of particles as the waves go on 



Water of cydeAat Water of a/cfe Bat Water ot cycteC: Waterotci/cleDat- 

dottom oforatpath. top of pmi^ approaching tap Bottom of ovalpath ^ . 


Here the waves shown in the top picture have passed forward and the particles of water at A which were at the crest of the wave in 
the top picture are now at the bottom of the orbit. The particles that were at B in the first picture are now at the top of their orbit, 
and so on. As the waves pass on a ship meeting them rides up and down, passing alternately over the crest and down into the trough. 
The height of a wave is reckoned from the trough to the crest and in an average storm reaches generallv 30 or 40 feet. It seldom 
exceeds 50 feet. The length of a wave is reckoned from crest to crest, and this varies from 300 to 1,500 feet or more. The speed of 
the waves also varies from 20 to 60 miles an hour. If the water moved forward with the waves the seas would not be navigable, for 
ships would be carried along and swept thousands of miles out of their courses 
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THE ADVENTURES OF A GREAT PATRIOT 

Of all the gTMt Scottish national heroes William Wallace stands first and loremost. The romance of his 
adventurous life and his dramatic (ate has appealed to the imagination of all Scotsmen and of English-^ 
men too. Yet in actual achievement his life was nothing like so fruitful as that of the other Scottish 
hero, Robert Bruce, who r^lly did free his country from English domination. In these pages we read 
the thrilling story of what William Wallace did for his country 


W HEN Alexander the Third of Scot- 
land died in 1286 the heir to 
the throne was his little grand- 
daughter Margaret, who was only tliree 
years old. She had been bom in 
Norway, the daughter of King Eric of 
that country, and on that account has 
always been called the Maid of Norway. 

I 3 ecause she was so young guardians 
had to be appointed to rule the country, 
but they soon fell out and quarrell^ 
among themselves. 

A Queen Who Never Saw Her Country 

Margaret's father was afraid that 
while his little daughter w'as growing 
up one of the guardians would make 
himself king, and so the child would lose 
her throne. He was very anxious that 
she should become Queen of both Nor- 
way and Scotland, and he 
therefore did a thing that 
caused untold misery for 
years to the Scottish nation. 

He called upon Edward the 
E'irst, the English king, to 
support the claims of Mar- 
garet, and Edward asked the 
six guardians to send repre- 
sentatives to England so that 
the matter could be discussed. 

This was done, and it was 
<lecided that Miirgaret should 
go to Scotland to reign when 
peace prevailed there. Fur- 
ther, she was not to marry 
anyone without the consent of 
her father and of Edward, 

'i'he English king had a 
great idea of marrying Mar- 
garet to his son, who after- 
wards became Edward the 
Second. This might have been 
a good thing because then the 
kingdoms of Scotland and 
England would have been 
united peaceably, but when soon after- 
wards Margaret sailed from Norway to 
Scotland and her ship stopped at the 
Orkney Isle.s she died there, so that 
she never even saw Scotland, the coun- 
try of which she was queen. 

Many Claimants to the Throne 

There were now a dozen or more 
claimants to the throne of Scotland, for 
no direct hhir existed, and Edward's 
help was again sought. He finally 
decided in favour of John Baliol, but 
he made the Scottish king do homage to 
himself os lord and master of the 
Scottish realm. The Scots resented 
this, and con^pelled Baliol to resist 


Edward, who thereupon invaded Scot- 
land, defeated Baliol and carried away 
to London the famous Stone of Destiny 
on which the king.s of Scotland had 
always been crowned. It was said to be 
the stone on which Jacob rested his 
head at Bethel when he dreamed of the 
angels ascending and descending be- 
tween earth and heaven, and ever since 
it has had its place under the scat of 
the Coronation Chair in Westminster 
Abbey where all may see it. 

Scotland was now completely sub- 
dued by Edward who ruled it with a rod 
of iron. Englishmen were sent to collect 
taxes, to try prisoners, and to occupy 
castles, and all their wants had to be 
supplied by the Scots. The English 
benaved like tyrants, and at last things 
became so unendurable that it necd^ 


only a brave man to rouse the nation 
and set Scotland ablaze. This hero was 
found, not among the great nobles, but 
in the son of a private gentleman. He 
was William Wallace, a tall, handsome, 
fair-haired man, one of the bravest 
who has ever lived, and he did great 
deeds for his country, which are as 
fresh in the memory of Scotsmen to-day 
as when they were first carried out. 

He had always detested the English 
for their cruelties and oppression, and 
he showed this hatred while very young. 
He had gone out fishing one day in the 
river Irvine near Ayr, and had caught a 
number of trout which a boy was 
carrying for him. As be walked be met 


.some English soldiers belonging to the 
garrison of Ayr, who came up and 
insolently demanded the fish. Wallace 
offered to give them some, but refused 
to part with the whole basketful. 

A Fateful Fishing-Rod 

The soldiers, however, selfishly in- 
sisted on having all the Ash, and when 
they started to take them by force 
Wallace, with the butt end of his fish- 
ing-rod, struck the foremost of the 
Englishmen under the ear, and killed 
him on the spot. Of course, the 
English governor of Ayr sent men out 
to seize him, but Wallace hid among the 
hills and woods till he could escape to 
another part of the country. Later on 
he married a lady of Lanark, and there 
he lived with his wife. 

One day he was walking in 
the market place dressed in 
green clothes with a rich 
dagger by his side, when an 
Englishman called out some 
insulting remark about his 
finery, declaring that a Scots- 
man had no business to wear 
such a gay dress or carry so 
handsome a weapon. A 
quarrel followed, and then a 
fight in which Wallace killed 
the Englishman. He at once 
filed to his house, but English 
soldiers pursued, and as they 
entered the front door W'allace 
escaped by the back and got 
away to a rocky glen, where 
he hid himself. 

The governor of Lanark, a 
man named llazelrigg, was 
furious, and leading a party to 
Wallace's house burnt it to 
the ground and killed the 
brave Scotsman’s wife and 
.servants. 

Wallac.e now determined to raise his 
countrymen and end the English 
oppression. He began by killing 
Hazclrigg to avenge the murder of his 
wife. Then he fought many successful 
skirmishes, and as nothing succeeds 
like success his countrymen soon began 
to flock to his standard. 

A Treacherous Invitation 

Those were rough times, and cruelties 
were practised on both sides. The 
English governor of Ayr invited a 
number of the Scottish nobility and 
gentry to meet him for a friendly 
conference on the affairs of the nation. 
He had treacherously determined to put 



William Wallace rejects the English peace offers 
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fchesie Scotsmen to death, so in the 
building, a great barn, where the meet- 
ing was to take place he made the 
English soldiers bang halters with 
running nooses over the beams which 
supported the roof. Then, as the 
Scottish gentlemen were admitted two 
at a time, the nooses were thrown 
quickly over their heads and they 
were pulled up by the neck and 
hangeci till they were dead. 

The Bams of Ayr 

Among those who suffered as a 
result of this treachery was an uncle 
of William Wallace. Wallace, when 
he heard what had happened, was 
naturally very furious lie collected 
his mcil and determined to avenge 
their crime in a terrible way. The 
English soldiers celebrated tlieir cruel 
deed with fe.asting and drinking, and, 
having no fear that Wallace was near, 
lay down to sleep in some buildings 
including the large barn which had 
been the scone of the murders, setting 
no guards or sentries to watch. 

Wallace directed a woman who 
knew the place well to mark with 
chalk the doors of the buildings where 
the Engli’ihmen lay. Then he sent 
a party of his men secretly with 
strong roiK« and they fastened all 
the doors from the outside so that 
those within could not open them. 
‘J'he Scots next pilcfl 
heaps of straw against 
the wooden buildings 
and when all was ready 
set liglit to the straw 
In a moment the whole 
place was ablaze. 'Fhe 
Englishmen woke up 
and tried to escape, but 
the doors were fastened, 
and when they tried to 
get out in other ways 
they were driven back 
or killed on the spot 
It was a terrible re- 
venge for a terrible 
crime, and the whole 
incident has come down 
in history by the name 
of the “ Hams of Ayr.*' 

No Compromise 

Wallace s party now 
grew stronger" and 
stronger, and the Eng- 
lish felt that they must 
deteat this man dr their 
position would be im- 
possible in Scotland. . , , ^ 

they, therefore. AloafwastunM 

gathered an army and 

went out to meet Walhice near the 


here not for peace but for war, to 
revenge ourselves and liberate our 
country Let them come on, we will 
meet them to their beards.'* 

The envoys returned with this mes- 
sage to the English commander, and 
although he himself was not so eager 
to fight, the rank and file in the English 
army hailed Wallace’s defiance with 
fierce joy. 

After some discussion the order was 
given to advance across a bridge which 
separated the two armies When about 
a fourth of the English had passed the 
Scots poured down upon them from the 
hill, and rushing impetuously on their 
enemies cut the English army in two 
Nearly all who had cros.scd the bridge, 
and the number was about 5.000. fell 
beneath the Scottish weapons, or were 
drowned while trying to escape. 'J'hcir 
commander and the main body of the 
English army on the other side looked 
on helplessly, unable to avert the fate 
of their companions. The result was 
that the English were defeated, and the 
English guardian and treasurer of Scot- 
land, Hugh dc Cressingham, was slain 

Grim Souvenirs of a Tyrant 

He had been a great tyrant, and the 
Scots detested him so much that they 
flayed the skin from his body and kept 
fragments of it as souvenirs of the 
revenge that they had taken upon their 



A loaf was turned upside down as a signal and men rushed in and seised Wallace 


enemies. It is said that some of them to kill a man. 


exception His own countrymen recog- 
nise this and Sir Walter Scott tells us 
that Though Wallace disapproved of 
hanging priests, women and children, 
he partook of tlic ferocity of the times 
so much as to put to death without 
quarter all whom he found in arms." 

When he attacked Dunnottar and the 
English garrison fled into the church, 
Wallace caused the church to be set 
on lire and let those inside scream in 
vain for mercy. When his followers, 
frightened at such a scene in a church, 
fell on their knees and asked the priests 
in the army to forgive them, Wallace 
only laughed and said, *' 1 will absolve 
you all myself. Are you Scottish 
soldiers and do you repent for a trifle 
like this?” 

A King In a Great Rage 

While all this was going on in 
Scotland, Edward the First was waging 
war in Flanders, but he soon came back 
in a great rage and, gathering a large 
army, marched into Scotland declaring 
that he would never leave it till the 
whole country was finally conquered. 
All his efforts might have been in 
vain, had not jealousy begun to work 
among the Scots. The nobles were 
angry that a simple gentleman like 
Wallace should have done what they 
were unable or unwilling to do, and 
they failed to support him. This wjis 
fatal, for if the English 
were not again to 
obtain control of the 
country, the w h c 1 1 e 
nation must work and 
fight together loyally. 

The English Archers 

Wallace gathered an 
army, but there wt;re 
not many warriors on 
horseback, for the 
nobles would not help 
him The English king, 
on the other hand, bad 
a very fine body of 
cavalry all clothed in 
armour, and well 
armed. He also had a 
large body of archers 
and at that time there 
were no finer archers 
in the world than the 
Engli^lh Each one had 
twelve arrows stuck in 
his belt, and it was said 
that every English 
archer carried twelve 
^ ^ ... .. Scotsmen’s lives under 

d seised WalUee hj, gi„ue. for every 
arrow was expected 


town of Stirling But before fighting, 
the English were persuaded by a Scot- 
tish adherent to try the effect of per- 
suasion upon Wallace. Two monks 
were chosen to carry proposals of peace 
to the Scottish leader. They found his 
army encamped on a hill, and delivered 
their message, but Wallace would have 
nothing to do with compromise. 

Tell your countrymen,” he said 
to the monks. ” that we have come 


made saddle girths of this same skin. 

Wallace was now regarded as a great 
leader, and he is honoured in Scottish 
history as one of the two greatest 
national heroes that the country has 
produced. In the course of time his 
cruelties have largely been forgotten 
or passed over, and he is regarded as a 
fine and gallant gentleman. But in 
those rough times b 31 warriors were 
more or less cruel and Wallace was no 


When the battle was about to begin, 
Wallace said to his soldiers, ** I have 
brought you to the ring : let me see how 
you can dance,** his meaning being, 
of course, that having brought them 
to the field of battle he wanted them to 
fight bravely 

The greater part of the Scottish 
army was on foot, the men being armed 
with long spears. He arranged these 
men in four circles. Those in the 
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front rank knelt down on one knee, 
holding their spears forward, then the 
other ranks pointed their spears over 
the shoulders of those in front. With 
all the spears thrown out in this way 
the circles were almost impregnable. 

Between the circles Wallace placed 
his archers, and behind them the few 
horse soldiers wliich he had with him 
It was very unfortunate for the brave 
Scottish leader that as soon as the 
battle began, his horse soldiers, with 
great cowardice, fled 
withoutstrikingablow. i 
Probably this was due ! 
to the treachery of the 
nobles who disliked 
Wallace. 

The English horse 
soldiers, instead of 
riding at the circles, 
rushed down upon the 
Scottish bowmen, and 
as these had nothing 
blit their bows and 
very short swords to 
light with, they were 
soon slain by the horse- 
men who were protec- 
ted by coats of mail. 

I hese archers fought 
bravely, b ii t almost 
every one of them fell 
on the field. 

'fhe English knights 
now trii'd to break the 
lings of Scottish spear- 
mt*n. but failed, 'fhen TtibX of Wj 

llie Englisli bowmcMi 
(lid what the Norman archers did at 
tlie Hattie of Hastings. I'hey directed 
th<‘ir arrow.s at the spearmen, and 
soon there were gaps in the ranks 
through W'hicli the English knights 
w(Te able to ride. The battle was 
lost, and after making a bold stand 
Wallace and the remnants of his 


turned a loaf upside down in the 
presence of any person named Mcnteith. 

There was little chivalry to enemies 
in those days, and Edward the First, 
having cafitured his great foe. resolved 
to make a terrible example of him, 
so as to warn all other woiiUbbe 
Scottish patriots against following in 
his steps. 

Wallace was taken to f-oiidon, and 
he knew he could extxict no mercy, 
for ICdward regarded him as a traitor 



on a pole on London Bridge as a 
warning, the other parts of his body 
were sent to Newcastle, Berwick, 
Stirling, and Perth, so that the people 
in those parts might be terrified by liis 
terrible fate and so prevented from 
following in his footsteps. 

After Wallace's death Scotland was 
conquered and English soldiers were 
again placed in all the chief castles 
and towns. Wallace’s example was not 
forgotten, and although he died more 
than .six centuries ago, 
his countrymen still 
honour him as one of 
the greatest characters 
that Scotland has 
produced. 

Alexander Pope 
wrote truly when he 
said : “ The Scots w'ill 
fight for Wallace as for 
God,” and Burns pays 
tribute to his famous 
countryman in the 
lines: 

At Wallace's name, what 
Seottisl) hiood 
I.U1L boils up in a spring- 

tide iiuod. 

Oft h.jve our l(?drlrss 

lathers strode 
Uy Wallarc’s side. 

Still pivssiug onward 

rc‘d-wnt-shod 
Or glorious dy*d. 


The Trial of Wallace in Westminster Hall, from the painting by Daniel Macli.se 


to the English crown, although, of 
course, that wa-s not in any sense true. 

He wa.s taken through London to 
VV(‘.stminster Hall, and there lirought 
to trial before English judges. In 
mockery he had lieeii crowned W'ith a 
green garland, the English declaring 
that he was the king of outlaws and 


^ The great English 
Daniel Maebse hisloHan, John 
Kicharcl (#reen, tells us 
that ” 'I'he instinct of the Scotch people 
has guided it aright in choosing Wallace 
for its national hero. He was the first 
to assert freedom as a national birth- 
right and amidst the despair of nobles 
and priests to call the people to arms.” 

Another historian declares that 
Wallace’s name .stands brightly for- 


ariny retreated into a forest known 
as Tor Wood. This decisive battle 
took place at Falkirk. 

Scot Betrays Scot 

With the defeat of Wallace the hopes 
of Scotland perished, but the great 
patriot would not give in, and he went 
on fighting against the English when- 
ever he had the chance. J^dward 
nfjilised that he mu.st destroy Wallace 
if he was to conquer Scotland, and so 
he offered a large sum of money to 
any who would bring in the leader 
alive or dear!. At last he was taken by 
treachery, and the records tells us that 
it was a Scotsman, Sir John Mcnteith, 
by whom he was seized and delivered 
to the English. 

The story goes that Wallace was at 
Robroyston, near Glasgow, when he 
was betrayed. So fierce a patriot 
was he that none dared try to take him 
alone, and it was decided that many 
men should rush upon him at a given 
signal. A pretended friend was to 
turn a loaf upside down on the table. 
The signal was given, the party rushed 
forward, and Wallace was a prisoner. 
^ or years afterwards it was considered 
the worst of ill-manners if anyone 


robbers. 

When charged with Iwing a traitor, 
Wallace said : 1 could not l)C a traitor 

to Edward, for I was never his subject.” 
lie was then charged with having 
captured and burned towns ami castles, 
with having killed many ICnglishmen. 
and w'ith having committed many other 
acts of violence. 

'I o this he replied that it was quite 
true that he had killed many English- 
men, but this was only because they 
had come into his native land to 
subdue and oppress it. ” So far from 
repenting of what I have done,” he 
declared, ” I am only sorry that I 
did not put to death many more 
Englishmen.” 

An Unforgotten Example 

Lawyers who have studied the trial 
of William Wallace tell us that his 
defence was a good one, both in law 
and in common sense, but neverthe- 
less the English judges condemned 
him to a cruel death. He was dragged 
on a sledge to the place of execution 
where his head was struck off. Then 
his body was divided into four parts, 
according to the cruel custom of the 
time, and while his head was placed 


ward among the foremost of men, w'ith 
Oiistaviis Vasa, the great Swedish hero- 
king. with the two Williams of Orange, 
with George Washington, with Kos- 
ciusko, the gallant Polish patriot, and 
with his own more fortunate successor, 
Robert Bruce. 

A former English Poet Laureate, 
Robert Soutliey, has paid the Scottish 
hero a fine tribute in his poem, ” The 
Death of Wallace.” 

They throng to view him now 
Who ill the fifld had fled before his sword. 
Who at the uaiiiu of W.'illace once grew pale 

And faltered out a prayer. 

Ves, they can meet his eye, 

That only bciints with patient courage now. 
Yes, they can gaze upon those manly limbs 

Defenceless now and lK>und. 

And that eye did not shrink 
As he beheld the pomp of infamy, 

Nor did one feeling shake those limbs 

When the last moment came. 

He called to mind his deeds 
Done for his country in the embattled field ; 
He thought of that good cause for which he 
died, 

And it was joy in death ! 

Wallace’s memory is now the heritage 
of both the Scottish and English people, 
happily united in the one brave race. 
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Who can estimate the value of such men as William Shakespeare, Charles Darwin and Thomas Alva Ediscm ? Their services to the 
world have been so great that it ^ould be impossible to give them any money value. Their price is above rubies. Yet there is a sense 
in which the money value of any man or woman or child can be reckoned up with fair accuraqr. If we consider a person only from a 
material point of view, that is, the amount of matter in his body, the part of him that we can handle and see. then the worth of even a 
Shakespeare or a Napoleon is very small indeed. A scientist has with some humour reckoned up the value of a full-grown man’s body 
as a few shillings, and above we see what it consists of. It makes no difference whether the man is a genius like the men shown in the 
middle of the picture, or a dullard. Indeed, often an ignorant and fooUsh person may be worth more in this sense than a genius, for 
his body may be very big and stout, so that there is more material in it. Of course our bodies, like everything else in the world, are niado 
up of combinations of elementary substances like oxygen and hydrogen and carbon and nitrogen and phoqihonts and sulphur,, with a 
few metals like calcium and iron. It is interesting to know how little the material of our bodies is worth, but, at the same ^me, wo 
must remember the great value of the human body as a channel for eiq^ressing riie wonders of the mind 
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WHAT ARE YOU REALLY WORTH? 

What are you worth? It all^ depends upon youraeU.^ If you make good use ol your opportunities so that 
you grow in knowledge and wisdom* and are keen and industrious to nwke use of such advantages, you are 
worth much to the world. But if you think only of the material of which your body is made you are worth 
very little indeed. Here are some interesting and amusing facts about what a man is worth in this sense 


T hink ot the world as it was ten 
thousand years ago, and as it 
is to-day, with its beautiful 
buildings, its steamships and railways, 
its motor-cars and telephones, its 
wireless and cinemas, and the thousand 
and one other comforts and luxuries 
which we all enjoy. How has the 
change come about ? 

Well, it has been achieved by men 
who were full of ente^rise and made 
<ise of the opportunities they had of 
discovering the secrets of nature and 
harnessing the natural forces around 
them. The comforts and conveniences 
and liberty and refinement wc enjoy 
to-day we owe to men like Archi- 
medes, St Francis of Assisi, William 
ShakesTicare. John Hampden. Sir 
Isaac Newton, Sir Christoplicr Wren, 
frames Watt, George Stephenson, 
Thomas Alva Edison, Sir Charles 
Parsons, and Marconi. 

Who can estimate or ap- 
praise the worth of such 
men to mankind ? To use 
the old phrase, we may 
well say “their price is 
above rubies ** 

The Triumph ol Mind 

But when we think of 
the worth of a man we are 
naturally taking into con- 
sideration his mind and 
achievements. It is the 
mind of man that triumphs 
over the forces of nature. * 

Yet to achieve anything, 
something more than a mind is neces- 
sary. It is by means of our b<^ies 
that our minds are able to do things. 
If the mind of an astronomer conceives 
the existence of a distant world it is 
his body which enables him to find it. 
He uses his hands to hold the pen that 
shall work out the calculations and say 
where the distant world is likely to be. 
It is his eye that looks through the 
telescope and discovers the world, and 
it is his tongue and his throat and his 
lips that enable him to tell others of 
his great discovery. The mind of the 
engineer conceives the possibility of 
making steam do his work, but it is his 
hands and arms that actually make the 
steam engine. 

Without the body the human mind, 
however highly developed, can achieve 
nothing. Mcause of this the body is of 
great value, and we need to appmiate 
its worth and to treat it with the ut- 
most care and consideration. As far as 
in us lies, we sbould study the prin- 


ciples of hygiene and keep our bodies 
healthy and strong in order that they 
may carry out the ideas which our 
minds conceive and put them into 
operation for the benefit of the world. 
St. Paul had something like this in his 
mind when, writing to bis friends, he 
reminded them : “ Know ye not that 

S mr body is the temple of the Holy 
ho.st ? “ 

But although the body as an agent 
and in.strument of the human mind is 
so important, and even essential, there 
is another .sense in which it may be 
said to be worth very little indeed. 

Like all other 
. living creatures, and 

even the inanimate 
things round about 




Three quarters of the 
musc/es consist 
ofmter 


More than 
half a 
man's body 
is made up 
of water, 
and a quar- 
ter of his 
body con- 
s i s t s of 
carbon 


W ts pounds 
fothersuostan 


^ What the body oi 
a atroiig man wiighing 
twelve stones is composed el 


us, our bodies are made up ot certain 
chemical substances, and a scientist 
has estimated the value ot the actual 
material in a man's body. He says that 
it is worth only a few shillings. Think 
of it, the body of a millionaire or a 
beggar, a Newton or a navvy, is worth 
less than the shocvs or the hat he wears I 
But, on the other hand, a fat man, even 
if he be only a doorkeeper or a dustman, 
is worth more in this .sense than a thin 
or short man, though he be Chancellor 
of a University or even a Napoleon. 

In the first place more than half the 
body consists of water If a man 
weighing 12 stones were put into a 
large evaporating dish and dried he 
would, after all the water had been 
driven oil, weigh less than five stones. 
That distinguished scientist, the late 
Sir Arthur Shipley, once said rather 
dryly, '* Even the Archbishop of Canter- 
bury comprises fifty per cent water." 

A Strong Man more than Hall Water 

It is really astoni.shing that a big and 
muscular man like a champion pugilist, 
who scenui so strong and can hit so 
hard, is more than half water. Those 
taut muscles which give him his 
strength arc made up of more than 
three-quarters water. Even the solid 
hones contain 27 per cent, of water 
The body of an average man of la 
stones contains about 96 {Hounds ot 
oxygen, 52 )x>unds of carbon, 15 
pounds of hydrogen, 4 pounds of the 
metal calciirm, 3I pounds of nitrogen. 
1} pounds of chlorine, ij pounds of 
phosphoru.s, 3J ounces of sulphur, 3! 
ounces of fluorine gas, 2| ounces of 
potassium, 2J ounces of sodium, ij 
ounces of magnesium, i } ounces of iron, 
and traces of copper, lead, arsenic, 
aluminium, manganese, silicon and 
bromine 

Of course in the body these chemical 
elements are combined to form various 
compound substances For example, 
oxygen and hydrogen are combined as 
water, nitrogen and hydrogen are com- 
bined as ammonia, calcium, carbon and 
oxygen are combined as lime. 

Strangely enough, says a scientist, 

. a woman’s body is worth 

^ rather more than a man’s, 

as it has a greater propor- 
tion of the more costly 
materials. 

What an astonishing 
thing it is that so little 
chemical material when 
M bodv of endued with that myste* 

I waighlng nous spark called X^fe, 

ompoMd 01 can become priceless t 


HOW MISTLETOE RUINS THE TREE IT GROWS ON 


A PLANT which lives at the cxjjense 
of another is called a parasite, a 
word that has come to us from 
the Greek and means “ one who eats at 
anofher’s table.” This is really what 
a plant like the mistletoe does. It is 
the most striking example of a parasite 
plant found growing in Great Britain. 

Wc may see it sometimes growing in 
chimps on an a]>ple or poplar tree, 
and it is an enemy of the tree, for it 
saps the life of its host, getting its 
nourishment from the tree instead of 
from the ground. It is quite ditlerent 
from the ivy or other creeper which 
grows up a tree and often strangles it to 
deatli. Thfit plant also is an enemy of 
the tree, but it is not a parasite, for it 
has roots in the ground and draws its 
nonrishment from the .soil. 

The life story of the mistletoe is 
interesting. Birds seize the berries, 
but as these have sticky matter round 
them they cannot be swallowed and 
so the birds .scraf»e them oft their 



How the mistletoe eats into the tree which 
it lives upon, and eventually kills its host. 
The branch is shown in section at the top 


beaks on to the branches of trees 
There they remain and germinate. 

The plant has no ordinary roots but 
puts out modified roots known a« 
sinkers, and these find their way under 
the bark of a tree's branch and their 
wood then becomes attached to the new 
wood of the branch inside the bark. 
The sinkers draw water and mineral 
food from the host, and thus the mistle* 
toe is fed. It puts out green leaves 
containing chlorophyll, and these under 
the influence of sunlight are able to 
take up carbon dioxide, so that the 
mistletoe is partly able to maintain 
itself. The plant is therefore not 
entirely dependent on its host for food, 
and it is regarded by botanists as a 
partial parasite. 

Another British plant, which is a 
complete parasite, entirely dependent 
on its host for food and water, is the 
dodder, which may often be seen 
growing on such plants as clover, nettle 
and gorse, and twining round them. 



Flowers of the mistletoe plant 



The white berries of mistletoe 



Bunches of mistletoe growing on a tree. The parasite will eventually kill tree by 
inserting its sinkers, slowly eating into its branches, thus stealing its nourishment 


216 



A TREE THAT GIVES THE TRAVELLER DRINK 



One of the most striking and useful plants in the world is known as the Traveller’s Tree, and is found growing in Madagascar and in 
Brazil and Guiana. The South American species is remarkably like that found growing in the great African island. The plant is a member 
of the banana family, and its leaves are very much like those of the banana, though larger. They are said to ^ the largest 
l^eavM to be found in the whole of the plant world, except perhaps for those of the giant lily known as the Victoria Regia. Sometimes 
^ short, with the leaves all growing from the root, while at other times it has a stem thirty feet or more high, 
with leavM growing on great stalks at the top, while on the lower part of the stem are the scars of old and decayed leaves. The plant 
was given its name of Traveller’s Tree because of a very useful property which it has. It stores up water in its long, concave leaf stidks, 
and when these are cut they yield a good supply of clear, watery sap, which, although not altogether pleasant to the taste, is very useful 
^^▼aller is short of water. The stalks are divided inside into small cubical chambers, about half an inch square, and it is in these 
toat the water is stored. In describing the Traveller's Tree writers have sometimes said that it provides water for the weary thirsty 
traveller in the desert, but, of course, this is not so, as the plant does not grow in the desert 
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OF THE DESERT AND ITS WOR^ 


There are no really wild camels in the world to<*day, although there are a (ew hatUwild herds which have come 
from domesticated camels that have escaped from captivity. Of the two species of camel, the Arabian, with 
one hump, and the Bactrian, with two humps, the Arabian is the better known. It is the camel that is found in 
Egypt and Arabia, and here we read many interesting things about it 


T he Arabian camel is not a pretty 
aniituiL nor is its head beaut if uL 
and its teni}>er is something like 
its appearance, rather unpleasing. 

It stands about seven feet high and 
has a long neck, and its hump varies a 
good deal in size and uprightness, 
according to the supply of food which is 
available. In the rainy sccison when 
there is more herbage, the hump gets 
large, stands upright and forms a 
regular pyramid, while in the dry season 
when food is difficult to get and the 
camel is half starved, the hump almost 
disappears. 

Camels Unfit for Moist Regions 

No one can siiy for certain where the 
Arabian camel originated although, as 
its name implies, its early home was 
Arabia. This camel is peculiarly fitted 
tor the circumstances in which it has to 
live, namely, dry and desert districts, 
and for this reason attempts to intro- 
duce it into moister regions like 
Southern India and Central Africa have 
failed. Attempts also to acclimatise 
the Arabian camel in the dry regions 
of the United States such as Arizona 
and New Mexico have not been success- 
ful over any long period. 

The natural food of the 
camel is the branches and 
leaves of tret's, but now it 
is fed largely on grain, 
although a certain amount 
of green food is necessary if 
the camel is to be kept in 
health. The inside ot the 
camel’s mouth must be very 
tough, for it can eat the 
thorniest of boughs without 
inconvenience, and scient- 
ists marvel that the mouth 
does not get injured. 

So long as the camel can 
gel food of the right kind — 
and even dates will sustain 
it — ^it will work well over 
long periods, but if it is not 
fed regularly it soon breaks 
down. 

It is a surly beast, and 
never becomes really at- 
tached to its master, and during the 
pairing season it gets fierce attacks of 
rage, and becomes so savage as to be 
dangerous. At such seasons it has 
l>cen known to bite ofi the top of a 
man’s head. 

The camel is very jealous and re- 
vengeful. A certain camel driver had 
thrashed the animal under his charge, 
and the camel showed a disposition 
to resent this. But the driver, judging 
from the expression of its eve what was 
passing within, kept on tbe alert for 
several days. 

One night, instead of sleeping outside, 
he retired for safety to the interior of 
his tent, leaving his striped cloak 


spread over the wooden saddle of the 
camel outside the tent. During the 
night the driver heard the camel 
approach this object, and having 
satisfied itself, by smell or otherwise, 
that it was its master’s cloak, and 
l)eli6ving that the man was asleep 
beneath it. the animal lay down and 
rolled backwards and forwards over the 
cloak, apparently Ratified by the 
cracking and smashing of the saddle 
under its weight, and fully persuaded 
that it was breaking the bones of its 
master. After a time it arose, looked at 
the disordered mass, apparently with 
great contentment, and then retired. 

Next morning at the usual hour for 
loading, when the master presented 
himself to the camel, the disappointed 
animal is said to have been so enraged 
that after a time it fell dead on the spot. 

The camel is not a swimmer, though 
there are some camels that can swim a 
little. But they dislike very much 
crossing even a small stream. When 
it is desired to take camels across a 
river they are usually supported by 
inflated skins. 

It has been said that without the aid 
of the camel in crossing deserts the 


mighty civilisations of the ancient 
world could never have been accom- 
plished in Asia, Arabia or North Africa. 

The Race«Horse ot the Camel Family 

There arc various breeds of the 
Arabian camel, which differ as much 
from one another as do race- horses 
from cart-horses Baggage camels 
will carry a great load at a rate of 
two and a half to three miles an hour 
for six hours a day, but the dromedary, 
which is simply a well bred Arabian 
camel, can travel at from eip;ht to ten 
miles an hour for a long time. The 
dromedary is really tbe race horse 
among camels Many run 70 miles a 
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day, and can keep this pace up lor 
days together. 

The Arabs have a saying that the 
camel is the greatest of all blessings 
given by Allah to mankind. Its long 
neck gives wide range of vision ia 
desert marches, and enables it to 
reach out to the desert shrubs on 
cither side of the pathway The 
cartilaginous nature of the mouth 
enables it to eat hard and thorny 
plants, the pasture of the desert 
The ears are very small and the 
nostrils, large for breathing, are 
specially capable of closure by valve- 
likc folds against the fearful simoom 
or sandstorm. The eyes are prominent, 
but protected by licavy, overhanging 
lids, limiting vision upward and guard- 
ing from the direct rays of the noon sun. 

A Reservoir of Food 

The hump is not a fictional but a real 
and acknowledged rciservoir of nutri- 
ment, as well as Nature’s pack-saddle 
for the commerce of the ages All that 
can be obtained from the camel is of 
value; fuel, milk, excellent hair fur 
tents, ropes, shawls and coarser fabrics 
are obtained from the living animal; 

and flesh food, leather, 
bones and other u.seful sub- 
stances from the dead. 

A camel march is the 
standard measure of dis- 
tance in all Arabia, and the 
price of a milch camel the 
standard of value in the in- 
terior Camel's milk is the 
staple diet of thousands in 
Arabia 

So writes an Arabian 
traveller. 

It is particularly interest- 
ing to note that the camel 
is the filter of the desert. 
It can drink the most un- 
drinkable water from desert 
wells which would be abso- 
lutely useless for mankind, 
and nltering this water in its 
body, present it in useful 
form to man as milk. Many 
a man travelling across the 
desert has sustained himself almost 
entirely on camel’s milk 

The stomach has a large number ot 
water cells, and in these a great deal 
of fluid can be stored lor the use of 
the camel. But it is quite undrinkable 
by man, and stories about the slaying 
of camels to get at the water stored up 
in their stomachs are untrue The 
camel’s stomach, however, contrary 
to popular belief, is not so complicated 
as, say. the stomach of a sheep, 
descritied in another part of this book. 

Just as it stores water in Its stomach* 
so it stores food in its hump, which 
provides reserve material for the camd:. 
when food is difficult to get ^ 



The camel’s foot showing the relation of the bones to the wide pad 
which enables it to travel easily over sand. On the right we see some 
of the water pockets in the camel’s stomach where it stores up water 





ARABIAN OR ONE-HUMPED CAMEL 



^hotigh tht ArabUm or ono-humpod cornel is on esceedin^iy useful boost, it is surly ond never becomes really ottoctied to its master. 
During the pairing season it has tarce otiaeks of rage and aomrtimes becomes dangerous. It has even been known to bite off the top of 
amon^ihead* But in the dry, arid regions of North Africa it is the only animal that can be kept proAtabty. It can travel long *»a«»*n**ei 
a steady pace canying a considefable load, and is very useful also for yoking to the phnsgh, as shown in this photograph by Donald 
MdLeish, taken In the Egsrptian Sahara* The camel can also live on very scanty faie 
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HOW LIGHT TRAVELS IN STRAIGHT LINES 



Light always travels m straight lines, and that is why we cannot see round a corner, unless by means ot a mirror we bend back the ray 
of li|;ht into another straight line. This picture shows a number of battleships giving a display with their searchlights, and, as we can 
see. Ml whichever direction the light is travelling from its source the beam is perfectly straight. Whatever may be the kind of light and 
whether or not the beams are visible to us along all their course as in the case of the searchlights, the same fact is true 



In this picture we have another illustration of how light travels in straight lines. The beams in the background are the searcl^ghts of 
warships in San Francisco harbour. As the lights are turned about the beams change their directions, but always remain straight. In 
the same way the rays from the lighted windows of the buildings travel to the eye of the spectator and to the camera which t^es the 
photograph, in straight lines, although in these cases, the light being less intense, the direction of each beam is not seen along its whow course 
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Marvels oFChemistry& Physics 



WHY WE CANNOT SEE ROUND A CORNER 

There are many interesting things that we ought to know about Light and one is the (act that it 
travels in straight lines, although sometimes it may seem not to do so. You can never see a thing 
round a corner, although by setting up a mirror you may see a reflection o( what is round the corner. 

The rays of light, however, are in that case still travelling in straight lines. Here we read more about 

this interesting and important property of light 


H ave you ever wondered why, 
although you can hear round a 
corner, you can never sec round 
a corner ? 

If you are in the hall and your 
friend is inside a room with the door 
almost closed, you can carry on a con- 
versation with him but you cannot see 
him. This seems strange, because l)otli 
sound and light come to us in the form 
of waves. The sf»und waves, liowever. 
are waves in the air, and these can 
travel in any direction. 

W hen your friend .speaks he sets up 
waves which travel from liis mouth to 
the oix'iiiiig in the d<Hirway and 
round tlie comer to where you are 
.standing. They travel c‘(piaily well 
nX>stairs or ilownstairs or indeed in any 
other direction. 

lint it is quite different 
with lightwaves. Theses are 
not waves in the air, but in 
the other, and they travel 
only in one direction, that 
is. in a .straight line. You 
('.'ui s<H* foryour.seU how light 
travels in straight lines by 
watching the rays of a 
searchlight, and you can get 
an equally st liking demon- 
stration in your own hou.se. 

Proof by Experiment 

(’lose the shutters on a 
Bunny day. or if there are no 
shutters jjlacc a dark blind 
or several thicknesses of 
l)r(.)wn paper over the win- 
dow*, shutting out all the 
light. 'I'hen make a small 
hole,sothat thcsuii can shine 
thriuigh this. Tf you stir up 
the dust in the room so that 
there are plenty of particles 
of dust to reflect llie liffht as 
it passes from the oi>cning in 
the blind, you will see that 
the light travels in a straight 
line or beam from the ojien- 
ing to the wall or floor. 

There is another very 
simple experiment by which 
you can prove that light 
travels in a straight line. 

Take a number of cards, say 
four, and pierce a hole in 
each in tlie- same position. 

Stand these upon the table, 
supporting them by means 
of f>ooks, as showm in the 
picture on the next page. 

Now light a candle and 
place it at one end, while 


you |xiep through the hole of the first 
card at the opposite end. Unless you 
get all the four holes in a direct line 
you will 1x5 unable In see the flame of 
the cam lie. The slightest deflection of 
any of the cards and the light will be 
shut off from your eyes. It can only 
travel in a straight line. 

This is all very interesting, but there 
is something that seems to contradict 
it. If, when you are carrying on the 
conversation W'ith your friend while 
you are outside the door of the rot)ni, 
and he is inside, there happi'iis to be a 
mirror facing the do<ir, yon can see a 
reflection of your friend in the mirror. 
In a sense it can be .said that you see 
him. while he is round the corner. 

IJut, of course, you are not looking 


at him but only at his reflection, and 
the fact still remains that light travels 
in straight lines. Tlie light from your 
friend reaches the mirror in a straight 
line. 'I'his is then reflected or lx*nt 
back by tlw' silver on the back of 
the glass and again the light travels 
in a straight line from the mirror to 
your eye. 

In the trick on page 65, whereby 
you seem to be looking through a 
brick, the light rays are reflected by 
mirrors, but they all travel in straight 
lines. It is no't tlie light you sec 
through the brick but its reflection. 

Tliere are still other appearances 
that seem to contradict the statement 
about light alw’ays travelling in a 
straight line. For example, if you place 
a stick in a pail of water, 
from the jx>int wdierc the 
stick enters the water it 
seems to be bent. The same 
thing happc5iis if you are 
punting. The punt pole 
where it goes into the water 
appears bent at an angle. 

Series of Straight Lines 

But these curious apjxjar- 
ances do not really contra- 
dict the fact that light 
travels in a straight line. 
'Phere is, however, an addi- 
tional fact wdiich it is im- 
portant to know, and that is 
this: when a ray of light 
that has been travelling 
along a straiglit line in the 
air enters some other sul)- 
stance. such, for example, 
as water or glass, it is bent 
or refracted, as scientists 
call it, into another line. 
Then this second Hue goes 
straight on until it passes 
into another substance, as. 
for example, when it passes 
out of the water or glass 
into the air again. Here it 
is bent a second time, and 
then goes on once more in 
a straight line. 

This is what happens with 
the stick in thc5 pail of water 
and tile punting pole in the 
river. There is another 
curious thing, however, 
about the rays of light. If 
the rays fall perpendicularly 
on a surface there is no re- 
fraction. It is only when 
they fall slantingly that the 
rays appear bent. You can 



That light rays are straight we can see for ourselves when the sun- 
shine enters through narrow openings into a chamber where there is 
plenty of dust in the air. The Ught as it passes Is reflected from 
particle to particle and we see the straight beams of light 
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prove this by a very 
sii^le exp^iment. 

Take a piece of thick 
plate glass, place it on 
some lines or printed 
letters, in such a way 
that the edge of the 
glass is half on and half 
off the lines or letters. 
Now placing your eye 
immediately over the 
glass look clown at 
right angles on it. The 
lines will appear con- 
tinuous. whether seen 
through or without the 
glass. Now' look slant* 
iiigly, and at once there 




On the left the lines seen through glass are unbroken because the light rays fall 
perpendicularly. Seen slantingly as in the other two pictures they appear broken 


is a change. The lines are no longer 
continuous, they seem broken. This is 
because the rays of light from the lines 
under the glass to your eye pass 
obliquely through the glass and are 
refracted or bent at sin angle. The 
w'ord “ refract " is from a l^tin word 
meaning to break up again.*' 

The picture on this page shows why 
the lines are no longer continuous. 
The ray of light is bent by the glass, 
but your eye imagines that it is still 
a continuous straight ray and therefore 
the line under the glass appears to l>e 
in a different place from that in which 
it really is. You get the same effect 
if you place a sp(X)n in a tumbler 


blind and make a hdle 
in the blind, so 
the sun will shine 
through. In front of, 
this hole place the 
bottle, as shown, with 
a pail below. Take oiit 
the cork and the water 
will run out. l(x>king 
like a curved stream cn 
liquid fire. The light is 
confined within the 
stream of water, and is 
reflected again and 
again from the inner 
face of this water 
tube in very short 
straight lines. 


A simple experiment to show how light rays 
are broken in passing from air to water 




The fountain of light where a beam is con- 
stantly being bent in short straight lines 


An experiment that shows light travels only 
in straight lines. If flame and holes are not 
in a line you cannot see the flame 


of water and then look up at it. 
Some substances not only refract the 
light once, but give a double refraction. 
The mineral known as Iceland spar 
is such a substance. This is due to the 
particular crystalline form of the spar. 

Here is an interesting experiment. 
Take an ordinary bedroom water-bottle 
and get the glazier to cut in the side a 
small hole. Fit a cork into the hole 
and flU the bottle with water. Shut 
out the light from a room by a dark 


A stick looks bent in water because the 
direction of the light rays is changed 



Iht mineral known as Iceland qiar ref rac^ 
or breaks the Hght rays twits 
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tm) CLEVER ILLUSIONS EXPLAINED 



An optical illusion that used to provide a good deal of amusement and entertainment at public gatherings was known as '* Pepper's 
Ghost/’ being named after the scientist who invented it. The audience looking on the stage saw a ghost appear and move about. 
Here we see how the illusion was obtained. A real person, dressed as a ghost, oelow the stage, was strongly illuminated. The front 
of the stage was open, though the opening was not seen by the audience, aind a large sheet of glass was inclmM towards the spectators. 
As the illuminated person moved about bdow his image was reflected Uj^n the glass. The spectators could not see the glass, as it was 
transparent, and the reflected image appeared to be moving about actually on the stage. The illusion was perfect 



Here is another ootical Itlusion onde very popular, aose to a semi^transpareot screen on the side opposite to that which the spectators 
saw was Placed imolher screen with a figure cutout. A light held behind this threw the shadow of the back screen upon the front one 
•nd, of ominw. «he cut-out put appeoni to ttw qwctaton as a bright image of the Now a numbw of Ughts am hdd nw 

u cMeet not m shadow tort nramy shadows as there are &hts ate thrown forward, di^ when ^ lights are moved about tiie 
" ‘ I move. IntUswavbr bavmg a cut-out flgun of a fairy, and using a number of hg^ta which are moved about a number 

to tbe^ screen and can be made to move about as though dancing 
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SOME SIMPLE ELECTRICAL EXPERIMENTS 


T iiEKH are many simple electrical 
experiments which we can per- 
form at home. For instance, on 
a dry day, when our hair is perfectly 
dry, if wo comb it rapidly with a vul- 
canite comb we shall probably sec a 
number of electric sparks and hear 
their crack. In the same way, if we 



Electric sparks obtained by combing the 
hair with a vulcanite comb 



stroke the cat's back rapidly we shall 
see and hear sparks. 

We can fjfencraie electricity by rub- 
bing a number of substances. Sealing- 
wax, for example, if rubbed with 
flannel, becomes electrified, and if held 
above our hair will attract it. Simi- 
larly a vulcanite comb when nibbed 
will attract little pieces of paper. It 
was by rubbing amber that the An- 
cient Greeks first discovered electricity, 
and the name *' electricity " comes 
from the Greek word for amber. We 
can generate electricity by rubbing an 
amber bead and get a spark by holding 
it to our ear. 



Rubbed amber generates electricity 



An electrified amber bead will, if held to 
the ear. cause a spark 



A paper cross can be made to rotate bv 
electrifying a tumbler by rubbing 



Brown paper can be electrified by rubbing 
with the sleeve 



The electrified paper held to the nose 
causes a spark, and the paper can also 
be attached to the wall witiiout support 


Glass rubbed with a silk cloth pro- 
duces electricity. A clay pipe balanced 
on the edge of a tumbler can be made 
to move by bringing near the stem 
another tumbler electrified by rubbing 
with silk. It will follow the glass. A 
sheet of glass supported on books and 
rubbed with a silk handkerchief will 



A vulcanite comb rubbed on the sleeve 
becomes electrified and attracts paper 



A sheet of glass rubbed with silk will mak^ 
little paper figures underneath dance 



An electrified tumbler will attract a 
balanced pipe 


make little paper puppets placed under- 
neath dance up and down. A cross 
cut out of stin paper and balanced 
on the point of a needle stuck in a 
cork may be made to move myste- 
riously if a warmed tumbler be placed 
over it and the glass rubbed outside with 
silk. By cutting a point on one arm 
of the cross we can make this turn in 
any direction by rubbing the glass at 
that side. We can get an electric spark 
by rubbing a sheet of brown paper 
with our sl^ve and then holding it to 
our nose. The electrified paper will 
also stick to the wall without falling. 
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WHEN THE SUN IS BLOTTED OUT 

A total eclipse of the Sun is one of the most impressive of all natural phenomena. It is not often that there 
is a chance in the British Isles of seeing a total eclipse, and so British astronomers generally have to go abroad 
to witness and photograph an eclipse of the Sun. It is at such times that they learn a great deal about the 
Sun*s nature. In these pages we read some interesting facts about what happens when the Sun is blotted 

out from our view during a total eclipse 


I T seems strange that wc should be 
able to learn almost as much about 
the Sun when its face is liidch^n 
by the Moon as when its brilliant disc 
is exposed to our view in all its fiery 
brilliance. Yet such is the case, for it 
is only during a total eclipse of the 
Sun that wc are able to see and photo- 
graph and .study what is known as 
the Corona, that is the halo of light 
caused by glowing fiery giises which 
surround the Sun and send out long 
and brilliant slreanicirs. 

It is ratlu-r strange, too. 
that although solar eclipsc.s 
have been tiliserved and 
studied for thousands of 
years, yet it was cuily during 
the eclipse in luirope in 1842 
that a scarlet chromosphere 
t)r envt'lope of glowing hy- 
drogen gas was first noticed 
SiiK«* that time, however, a 
great deal of study has 
been given to it whenever 
a total eclipse has occurred, 
and as a result wc now 
know a very great deal 
about the nature. of the Sun 
and its siirroundngs. 

Kxactl)' what is an eclipse 
of the Sun ? In bygone daj's 
some <]ueer ideas about its 
nature have been held. Our 
Scandinavian forefathers 
helieved that two enormous 
wolves in the sky pursued 
the Sun and Mtwii unceas- 
ingly. and that from time to 
time one or other of the 
heavenly bodies was over- 
taken by the wolves, wlio 
begmi to devour it. At 
such times they made a 
great deal of noise, shout- 
ing and striking metal instruments in 
order to frighten the wolves away. 

A somewhat similar idea was held by 
the Chinese, and indeed is still held in 
some parts of their great country. They 
think that a fierce dragon is trying to 
swallow the Sun during an eclipse, and 
they also beat gongs and shriek to 
drive him off. 

We must not, however, think with 
pitying contempt of such people and 
their strange ideas, for even in our own 
country in the eighteenth century a 
solar eclipse was TOlieved to have a 
very harmful effect on terrestrial 
matters, and a noted English physician 
liad all the wells in his district covered 
vrith planking so that the water in 


them might not be contaminated by the 
“ poisonous mists " which, he de- 
clared. arose during an cclip.se. 

f)f course, when people held such 
beliefs an eclipse was no laughing 
matter. Millions really feared for their 
lives and during the period of totality 
thought the world had come to an end. 

In more recent times an eclipse of 
the Sun led to a strange incident. The 
proprietor of a diamond mine in Natal, 
lio])ing to make his native labourers 
work more diligently, called them to- 


The natives came to them and de- 
ma.nded double pay. contending that 
the day of the eclipse was really two 
days separated by a night, though a 
very short one 

Wc are in no doubt to-day as to 
what causes an eclipse of the Sun It 
is simply that the Moon in its journey 
round the Earth happens to get 
between us and the Sun, and although 
it is so much smaller than the Sun, it is 
nevertheless so much nearer to us that 
it is able to blot out conijiletely the 
bright disc of the larger 
heavenly body Whenever 
a dark or non- luminous 
body is illuminated by a 
luminous body, the dark 
body throws a shadow to 
its rear and any non- 
luminous object which 
happens to enter the 
shadow is ob.se ured. Thi.s 
is what happens during 
an eclipse of the Sun. 

The ICarth and the Moon 
have no light of their own, 
but are illuminated by the 
Sun, and they both throw 
a shadow out into space on 
the side opposite to the Sun. 
Sometimes the Moon enters 
the shadow caused by the 
Earth, and then we have an 
cclip.se of the Moon, as 
described in another part 
of this book. Sometimes, 
however, the Earth enters 
the Moon’s shadow, and 
then we have an eclipse of 
the Sun. 

By a simple experiment we 
can see how an eclipse of the 
Sun occurs. If we stick an 
orange on a knitting needle 
to represent the Moon and then stand 
facing a lamp, the lamp can represent 
the Sun and our heads the Earth. If 
now we raise the orange on the needle 
and bring it round slowly between our 
face and the light wc shall see more and 
more of the light cut off till at last it 
is obscured completely by the orange. 
This is an object lesson of what happens 
on a large scale when the Moon, coming 
between the Sun and ourselves, eclipses 
the Sun. 

But the shadow cast by a body pass- 
ing before a light is of two kinds There 
is a dark nucleus and a larger but less 
dark shadow all round it. which is 
known as the penumbra. This word 
comes from two Latin words meaning 



A simple experiment by which a boy or girl can see how an eclipse 
of the Sun is caused. The boy’s head represents the Earth, the 
orange is the Moon, and the electric lamp is the Sun 


gether just before an eclipse and 
declared that the Sun was about to die, 
but that it might agree to live again 
for some years longer if only they pre- 
sented it with a very large diamond. 
Thereupon the simple natives dug so 
well that they actually found a diamond 
weighing about 45 carats, and carried 
it with great joy to their cunning 
employer. 

** 1 think this will persuade ^e Sun 
to recover and shine out again,” he 
declared, and sure enough m a few 
minutes the Sun did actually come out 
from its obscurity and shine again. 

Another incident in Natal during a 
total eclipse of the Sun did not prove 
so pleasant for the white employers. 
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WONDERS OF THE SKY 
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The Moon is, of course, much smaller than the Sun, but it is able to blot out the Sun*s face completely for a short time because it is so 
much nearer to the Earth than is the Sun. This picture, when compared with the one below, will make clear why some eclipses are 
total, the Sun's face being completely blotted out, while others are only partial, a small portion of the Sun being still visible. To have a 
total eclipse, as here, the Moon must be direray between the Sun and the Earth 


*' almost shadow.” It is really a partly 
shaded area all round the dark or total 
shadow of the opaque body. We can 
understand this from the picture on 
paac 228. 

When the Moon’s shadow falls upon 
the Earth those within the area of the 
dark shadow see the Sun totally 
eclipsed, but those within the penumbra 
would see only a partial eclipse, and 
the farther away they were from the 
nucleus or dark shadow the less of the 
Sun’s disc would be obscured. People 
outside the penumbra would see no 
'^clipsc at all 


An eclipse of the Sun occurs only 
when the Earth, the Moon, and the 
Sun are in a straight line, and this is 
always at New Moon. As the Moon’s 
orbit round the Earth is an ellipse and 
not a true circle, its distance from the 
Earth varies. Sometimes it is 252,970 
miles away, and sometimes it is only 
221,600 miles distant. 

Its distance from the Sun also varies, 
and so the length of the shadow which 
it casts varies also. This shadow is 
sometimes 258,000 miles long, and at 
other times only 230,000 miles. Some- 
times, therefore, the shadow does not 


reach the Earth at all becau.se the 
Moon is then at too great a distance 
from the Earth. 

In the last case the eclipse w'ould 
last rather a long time as the dark 
shadow cast upon the Earth might 
be as much as 170 miles wide. If, how 
ever, the shadow does not actually 
touch the Earth then the Moon appeiir^ 
smaller than the Sun which it is hiding, 
and a small ring of light, part of the 
Sun’s disc, appears round the dark 
Moon, and then we have what is known 
as an Aiinular Eclipse, from the Latin 
word annulus, meaning a ring. The 



Here we see what happens during a partial eclipse of the Sun. The Moon is not directly between the Sun and the Earths but only parttf 
so, and as a result it shuts off only a portion o? the Sun's disc. The result is that that part of the Sun which is not eclipsed itill shines 
upon the Earth. The effect of a partial eclipse is very different indeed from a total edipse. There is stitt a third kind of eoUpse of the 
Sun. When the Moon gets directly between the Sun and the Earth at the time when the Moon is at its maftest distance from the Edrtb* 
it does not completely blot out the Sun's face, but a narrow ring of light is seen all round the Moon. This is called an anmilpr eel^se 

of the Sun, from the Latin word ** annulus *’ meaning ** a little ring *' 
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***• *2 between the Sun and the Earth, and when we look up we see what 

1 * shadow creeping across the Sun's face. Of course, it is not a shadow at all. but actually the Moon itself wh^ 
Bha^^!^ ^ brilliance. As the Moon continues on its journey and the Earth goes on^rotatingm its axis, the 

as it gets in the way of the sunlight tray4 in a line across the Eaith'rsurffS. H the 
Ea^»ssurfa£»*^*ili*****^ but the dark shadow, but as the Sun has so large a surface there is also a wide zone on the 

to the »T****\* partirf ^adow is caused by part of the Sun’s light It is called the penumbra, or “ almost shadow." in contrast 

can^m Jhww Itself. Along this zone the eclipse is not total but only partial. We can make a penumlm^ liahtine^m 

the riSd» ^ opMSite edges of the ^n. placing them fjurljr near together at equal distances frl^ a waU%nd o^^^ 

S the^St f^ an or^ held in the way. On either side of the dark shadow there will be a pi^umbra ma^ 

y The hght of only one candle. In the top left-hand corner we see the Earth during a total eclipes as it would appearfrom the Sm 
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same eclipse of the Sun may be total at 
one part of the Earth's surface and 
partial at another. 

A total eclipse of th' Sun is one ol 
the strangest j)heiio- 
mcna in all nature. It 
is a very different thing 
from a partial eclipse. 

Alxjut ten minutes be- 
fore the actual totality, 
darkness begins. 1 jght 
comes only from the 
edge of the Sun and 
has very little blue and 
violet in it so that it 
does not seem like sun- 
light at all. Animals 
begin to get pcrple-\ed, 
dogs howl, birds go to 
roost, and even flowers 
close up. The tempera- 
ture falls. 

Then suddenly a 
shadow is seen rushing 
across the h^^arth from 
the distant horizon. 

But the shadow' is not really rushing 
towards us. We are rushing towards it 
a.s the Earth revolves on its axis,, so 
that we arc able to see the Earth turning 
round. The next moment the Earth's 
disc is completely covered. 

Darkness falls w'ith startling rapidity, 
.the stars make their appearance, but 
the Corona .seen round the black di.se 
of the Moon gives a considerable 
amount of light, equal to three or four 


WONDERS OF THE SKY 

limes that of the full Moon, and liglit is 
also sent into the shadow area by re- 
fraction in tlic surrounding air from 
places miles away where the Sun is 


still shining. If, however, the eclipse is 
one of long duration and lasts six or 
seven minutes, then everything becomes 
very much darker. 

Men of science can tell us within a 
few seconds when eclipses of the Sun 
and Moon will occur in the future for 
hundreds of years, and when they have 
occurred in the past. Wc are able to 
find the dates of many events in the 
past by working out when eclipses 


occurred, for the old historians often 
mention an eclipse in connection with 
certain events that happened at the 
same time, and though their chronology 
is Nveak we can correct 
it by finding out the 
actual date of the 
eclipse. 

The smallest number 
of eclipses that can 
occur in a year is two, 
and both of these are 
eclipses of the Sun, but 
there can be as many 
as seven, five solar and 
two lunar, or four solar 
and three lunar. The 
most common number 
of eclipses for one year 
Ls four. 

Eclipses repeat them- 
selves over a regular 
interval of 6,585 days, 
or rather more than 18 
years, and that period, 
which was known even 
in ancient times, is called the Saros, 
which means a cycle, and w'a.s the 
name given to it by the Chaldeans. 
During that period there are 29 lunar 
and 42 solar eclipses. 

Wliile the astronomers can predict 
the actual beginning and ending of an 
eclipse within a few seconds, they 
arc generally a second or two out 
because the Ji)arth'.s period of rotation 
varies very slightly. 



A simple home experiment that explains how the dark shadow or umbra and the 
half-shadow or penumbra in a total eclipse of the Sun are caused. The whole 
light causes the dark shadow and separate parts of the light the half-shadow 


NATURE’S UNDERWATER ELECTRICIANS 


F ew fish arc stranger than tho.se with 
the curious profierty of being able 
to generate an electric current strong 
enough to shock anyone touching them. 
The best known of these is the electric 
cel found in the muddy waters of the 
Amazon and Orinoco rivers of Stmth 
America. 

Although re.scinbling an eel in ap- 
pearance, the electric eel is not a bit like 
the true eel in its internal structure and 
is, in fact, a kind of fish called a gym- 
notid. It has a blunt head, a dark 
brown back, an orange belly, and some- 
times grows to a length of seven feet. 
Only about one eighth of the cel’s length 
is head and body ; the rest is taken up 
by the tail which provides the eel with 
its battery of electric cells. 

Nearly all the tail is filled by a jelly- 
like mass of cells called electroplates 
which extend in the forn\ of longitu- 
dinal bands. Examination with a 
microscope reveals that each cell is a 
small galvanic jar. I'hc cells arc all 
joined to each other and the wliole 
battery is connected to the fish's brain 
by nerves. The eel is not electrified 
all the time, but when it is touched a 
message is flashed to its brain and 
through its nervous system it promptly 
switches on its battery. Just how it 
generates the electric current is not 
known, but its purpose in doing so is 





The electric eel (top) and (below) a section 
through the body showing the organs that 
generate the a^ock 


to defend itself when attacked and also 
to stun the fish upon which it feeds. 

A large electric eel can generate an 
electrical pressure of 250 volts under 
water or 500 volts if taken out of the 
water. The reason for the voltage being 
less under water is that water partly 
short-circuits ati electric current. The 
voltage produced by the cel out of the 
water is equal to a current of half an 
ampere, which is in turn equal to the 
roo watts required to run a large 
electric light bulb. In fact there is an 
electric eel in the New York Aquarium 
which sometimes advertises its pre- 
sence by providing from its own re* 
sources the current to light up a neon 
sign above its tank. 

Current produced by the electric cel 
passes from its head to tail, just as the 
current from an electric cell or accu- 
mulator always passes in one direction. 
A storage battery will run down and 
must be recharged, and an electric eel 
that has been giving many or lengthy 
shocks uses up its electricity. It then 
retires to a safe place where it remains 
until its battery has been recharged. 
Naturalists have not yet discovered 
how it does this. 

Another of nature's electricians is 
the electric ray, often found off the 
coa.st of Great Britain, and t)ie electric 
catfish, native to the rivers of Africa. 
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GAS AND SPARKS THAT MELT HARD STEEL 

Scientists have provided the engineer with a gas that cuts the hardest steel as easily as butter, and with an 
electric spark that melts metals with a heat more than twice as great as the hottest fuel-furnace can produce. 

In these pages we read about these tools — the oxy-acetylene cutting-torch and the electric-arc furnace. 


O NE hardly thinks of a gas cutting 
tlie toughest steel as easily as a 
knife cuts butter ; but that is 
exactly what happens when an oxy- 
acctylenc torcli is used to break up 
scrap metal. 

When water is dripped on to calcium 
carbide, heat is absorbed from the 
surrounding air or from the wall of the 
vessel in which the carbide and water 
are contained. The carbide and water 
them combine to produce acetylene gas 
and calcium hydroxide, the latter being 
the chemist's name for slaked lime. 

Burning Carbon 

Acetylene is a colourless gas with a 
smell like that of garlic, and contains 
an exceptionally large number of carbon 
particles. When the gas is lit, tlie carbon 
particles arc set free, causing the flame 
to glow* brilliantly, but they do not burn 
up immediately to give great heat be- 
cause there is not enough air prc.sent. 

If a jet of oxygen (air) is blown 
against an acetylene flame, the flame 
will lose its brilliance and glow with an 
intense heat ; which is the .same thing 
as blowing on a burning stick or piece 
of coal to make it glow more, hotly. This 
is the principle of the oxy-acctyleiie 
cutting-torch. 

Heat-Energy Released 

When acetylene breaks up again, that 
is, is converted back into carbon and 
liydrogen (which is what happens in the 
oxy-acetylenc torch), the heat energy 
which w'as absorljed into the gas wlien 
the water dripped on to the calcium 
carbide is given out once more in the gas 
flame. This heat, added to that pro- 
duced by blowing oxygen against the 
glowing carbon particles in the burning 
gas, is the cause of the very high tem- 
perature of the acetylene flame coming 
from the nozzle of the torch 
The more oxygen, up to 
certain limits, blown against 
the flame, tlie fiercer will be 
its heat. Gas is supplied to 
the torch from two cylinders, 
one containing acetylene 
and the other oxygen, 
and the mixing of these 
is regulated ^by a tap 
on tlie torch. 

The acetylene burner 
is in the form of a ring 
*^d, as the gas bums, a 
jet of oxygen is intro- 
duced into the middle 


of the ring, raising the temperature of 
the flame from about 2,476 degrees 
Centigrade — the teni|)erature at which 
acetylene burns in air— to 3,315 degrees 
Centigrade. This intense flame makes 
such a clean cut that rings and other 



A simple form of electric arc furnace. The 
current passes between the electrodes, 
giving a temperature of about 3,870 degrees 
Centigrade to melt the metal 



Another tjrpe of electric arc furnace. Here 
the current passes between the top electrode 
and the bottom electrode, causing intense 
heat and melting the met^ or ore that has 
been pli^d in the furnace 


sliapcs can be carved out quickly and 
the surface of the cut kept quite smooth. 

The oxy-acetylenc torch is easily 
handled, and can be directed witli great 
accuracy ; but, owing to the intense 
light of the flame, the workman using 
the torch has to wear dark goggles, and 
these must also be provided with side- 
pieces to protect his eyes from the sparks 
or fragments of molten metal that shoot 
up from the iron or steel when it is 
being cut. In fact, to watch a man using 
the oxy-acctylene torch is like watching 
a miniature firework display. 

Breaking Up the Battleships 

The size of the flame is regulated 
according to the thickness of the metal 
that has to be cut. This wonderful tool 
is invaluable when iron and steel ships 
have to be broken up ; as, for example, 
when breaking up obsolete warships or 
disused tram and railway lines. In the 
old days the breaking up of a metal 
vessel was a long and tedious business ; 
now it is done quite easily, and the steel 
plates or girders can be cut up into 
pieces of any convenient size that may 
he desired. 

But the oxy-acetylcne torch is not 
useful only for destructive purposes ; 
it is used in the construction of ships, 
bridges, machinery and .so on. Not 
only is it used for piercing the holes in 
metal plates much more rapidly and 
cheaply than by the old method of 
drilling them, but it is used for welding 
metal joints instead of bolting the parts 
together. The intensely hot flame melts 
the two surfaces to be joined, so that 
they fuse together, forming one piece of 
metal and providing a join nearly as 
strong as would have been made had 
they been bolted or riveted. 

The Flame that Burns Under Water 

As we see in another part of this 
book, the torch can be used 
by divers under water. In 
that case the water has to be 
forced away from the point 
where the flame comes in 
contact with the metal, and 
this is done by arranging 
an air blast all round the 
oxy-acetylene jet, so 
that the pressure of the 
air will drive off the 
water from the flame. 

Another use of acety- 
lene gas is as the source 
of light in bicycle and 
other portable lamps. 




/ 
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A resistance furnace in which electric energy is converted into heat of about 
3,870 dt g~ » Centigrade by the resistance of the material it passes through 
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MARVELS OF MACHINERY 


Water, as we know, is made up of the 
two gases, oxygen and hydrog(jri, 
and when it drips upon the carbide 
some of the hydrogen seizes on the 
carbon in the carbitie, combines with 
it and forms acetylene gas, which 
consists of carbon and hydrogen. 
The greyish material left bchincl in 
the carbide chamber i.s slaked lime, 
con.sisting of calcium, oxygen and 
hydrogen. 

Acetylene gas in the bicycle lamp 
is quite harmless, provided the nozzle 
is kept clean and open, so that the 
gas can escape as it is formed by the 



generated by means of water turbines, 
and thus the heat of the Sun is really 
used indirectly ; for it is the Sun's heat 
which draws up the water from the 
sea so that it can fall as rain, thereby 
giving the water-power necessary to 
produce the eUxitric arc in the furnace. 

It is interesting to know that the 
oxy-acetylene torch i.s dependent upon 
tlie electric furnace, for it is by means 
of this latter device that calcium- 
carbide. used in the making of acety- 
lene, is produced. 

Q)kc and lime, broken into small 
pieces about the size of walnuts. 


a 1 . ■ 


furnace, and after cooling is crushed, 
sorted into sizes, and sent to ditlerent 
parts for use. Huge quantities are 
made in Norway, where the current for 
electricity is obtained from water- 
power. Hundreds of thousands of tons 
of carbide are turned out in this way, 
and many other countries make it. 
Indeed, the carbide industry is now 
one of the great industries of the world, 
thanks to the electric furnace. 

There are other types of electric 
furnace beside those which produce 
an arc. One of the simplest forms is 
known as the resistance type of 




A huge electric furnace in a large steel works at Sheffield. A furnace of this type is capable of handling up to twenty tons of molten 
metal at one melt, and the electric current consumed in the process is sufficient to li^ht a small town. In the picture stainless steel is 
being poured from the furnace. Stainless steel manufacture is an industry in which England leads the world to-day 


dropping of the water on the carbide. 
When compressed, however, the gas is 
very liable to explode. 

The electric arc can be used in the 
samt; way as the oxy-acetylene torch 
for cutting metal, and, as already 
explained, its heat is even greater : 
but it is not so useful, liecausc it 
cannot be controlled s-o well and the 
cut it makes is not so smooth and even 
as in the case of the gas torch. 

But electric furnaces are coming 
more and more into use for tlie melting 
of metals and the smelting of ores. 
The substance to be melted is placed 
in or near the gap across which the 
electricity mu.st pass, and the furnace 
is very useful in places where fuel is 
difficult to o.btain, but there is plenty 
of water-power. 

Current for tlie furnace can be 


placed in huge electrical furnaces, 
and when a powerful current is turned 
on and the great arc produces enormous 
heat, the calcium of the lime combines 
with some of the carbon of the coke 
and forms calcium-carbide, while the 
oxygen of the lime combines with the 
rest of the carbon, forming carbon- 
monoxide gas. Were it not for this 
inexpensive process of producing cal- 
cium-carbidc, we should not be able 
to make our acetylene gas so cheaply. 

The manufacture of calcium-carbide 
was, indeed, one of the first industries 
to make use of the electric furnace. 
Large furnaces of the arc type are used 
with electrodes in the fonn of huge 
bl(K;ks of carbon built into massive 
foundations. White-hot carbide at the 
enormous temperature of 3,500° Centi- 
grade is drawn off at the bottom of the 


furnace, in which heat is produced 
by passing a powerful current of 
electricity through a conductor of 
such a resistance as to produce the 
re(|uired amount of heat. 

An important use of the electric 
resistance furnace is the making of steel. 
Much of this electrically made steel is 
produced by current from the Niagara 
generating stations. The electric furnace 
is also extremely useful in extracting 
rare and refractory metals, which were 
formerly unknown, from the ores in 
which they exist. Among such metals 
are chromium, tungsten, titanium, and 
molybdenum. When small portions of 
these metals are added to steel it be- 
comes enormously stronger and harder. 

These are only a few of the ways in 
which the tremendous heat of tbcelectric 
furnace is utilised in industiy to-day. 
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By burning acetylene gas with oxygen gas playing round it, we can get a heat equal to 6,000 degrees Fah., and this will cut through metal 
very rapidly. Here we see a workman cutting away the old tread of a railway engine wheel, so that a new one can be fitted on. It is 
interesting to know that while the ojqr*acetylene flame can be used for cutting metal, it can also be used for welding or uniting metals 



The amount of tune and ** !>*"■** saved by the use of the oxy-acetylene torch for cutting up metal such as old ships, boilen and engines 
is enormous. In this picture a workman with an oxy-acetylene jet is cutting through a steel forging six inches thick, almost as though 
it were cheese. The cylinders of oxygen and acetylene are shown at the back. The Sun's surface heat is about ix,ooo degrees Fah. 
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HOW A DIESEL ENGINE WORKS BY 



This picture, running across two pages, shows a Diesel engine and how it works. A Diesel engine is an internal combustion 
which crude oil is used. Many ships are now fitted with Diesel engines. On the left can be seen an air compressor. It is worked by the 
driving shaft. Air is drawn in, and compressed when the piston goes up. This makes the air hot. It passes out through a coil, ^hew 
it is cooled by cold water, and goes into an air receiver ready for use. The Diesel engine shown has six qrlinders, and to start it the 
compressed air is let into the cylinders and drives the pistons. Once it has begun to move the engine works in the following way : In 
each cylinder in turn as the piston goes down ordinary air enters through an inlet above, a valve opening for this purpose. Then as 
the rotating shaft with its cranks drives the piston up once more, this air is compressed and gets hot. At the same time, just before the 
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USING CRUDE OIL FIRED BY HOT AIR 


Beve/ied gear turning 
cam shaft 


Main e/chaa$tp/pe 


Rod connecting main 
driving shaft with 
cam shaft Supports 
are removed for 
) simpiicitg 



piston reaches the top of its journey, a fuel valve opens and a snuUl quantity of heavy oil is sprayed into the cylinder by the compressed air 
trom the receiver. At once the heat of the air in the cylinder, which is compressed by the rising piston, fires the oil, and the burnt rn nm 
expand until just before the end of the stroke, when an exhaust valve opens and these gases pass out. As soon as they have left the cylinder 
the exhaust valve shuts, and the air valve opens drawing in another charge of outside air, when the whole process is repeated The same 
process is always happening in two of the cylinders, the cylinders working in pairs. Four of the cylinders are here shown uncovered, 
the other two being at the left of the engine. The fly-wheel on the right keeps the shaft rotating steadily. The valves are worked by 
cams on a cam shaft. The fuel oil is supplied from a large tank above the engine and the engine is kept cool by cold water 





When a church bell is out of use it hangs mouth downwards^ but for 
ringing it is turned mouth uppermost. This is called setting the bell. 
The bell must swing when struck with the clapper or it may crack 
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The ringing of a church bell needs skill and experience. The bell is fixed to a block of wood called a headstock. On one side is a 
large grooved wheel, to which the rope is attached, and this wheel is connected with the other side of the headstock by a brace. When 
the hanging bell is to be rung the ringer pulls the rope, which works over a pull^ to avoid friction, and turns the bell upside down. 
The rope is then pulled and at once the wheel begins to turn, the rope coiling itself round three-quarters of the circumference. At each 
pull the Ml is made to describe a full circle. Then when it reaches the upright position it makes a fidl circle in the other direction, the 
swing being done not so much by the pull of the ringer as by the weight of the bell. The bell must never be swung right pyer as this 
damages the frame. The bell is not turned upside down for chiming, but is often struck by an outside hammer, as shown on the right 
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THE SPIDER AND ITS MARVELLOUS SNARE 

There are many people who have a great dislike of spiders. They are horrified when they sec one, but really 
this is very foolish, for not only are spiders perfectly harmless to human beings* but they arc extremely 
interesting creatures and well worth careful examination and study. So far from our British spiders wanting to 
do any harm to a human being, their only desire when they see one is to escape as fast and as far as possible. 

In these pages we read many very interesting things about some of the spiders that live in Great Britain 


S oMK people talk ot spiders 

insects, but the spicier is not an 
inst^ct at all ; it iKdongs to quite 
a different family. Insects in their 
mature stage have three divisions of 
the body plainly marked, a head, a 
thorax, and an ’alxloiiien. but in the 
spiders the head and thorax appear 
joined tcjgether, and their bodie.'» 
present only two obvious divisions. 

An even simpler way of knowing that 
a spider is not an insect is by oxaniiti< 
ing its legs. All insects 
ill tlieir mature state 
h a V e six legs, but 
>]uders have e i g li I . 

S()idcrs, together with 
x'orpions and mites. 

Ix'long to a family or 
I hu-.s known as Arach- 
nids, a name that 
(.omes from the Gn*ek 
word for a spider’s web 

Foes of the Insects 

So far from being 
members of the insect 
family, spiders are the 
implacable foes of all 
inserts, with whom 
they are always waging 
cruel and bitter war- 
fare. They set traps to 
I atch them, they 
tiounce upon them out 
of ambush, they bind 
them ill bonds which 
make them helpless, 
they drug them with a 
venomous fluid, and, 
having killed their vic- 
tims, they feed upon 
their blood and finally 
throw away their car- 
cu.sses. 

Spiders are found all 
over the world except 
111 the sea, and plenty 
of different kinds or 
species are native to 
lireat Britain. Even 
the house spider, whose 
cobwebs are so de- 
tested by the house- 
wife and maidservant, 
is a creature well worth 
studying. It must have 
a very bad time, for no 
sooner is its web seen 
lhan it is swept away 
and the poor spider 
has to start all over This spider sp 
Hgain. gUi 


Tl'ic.sc web*^ of house spiders arc not 
so beautiful to look at as the dainty 
g<*ometrical welis of the garden spider, 
but they are very strong, an<l they have 
to be, for often they must sustain the 
weight of much dust, togetluu’ with 
fragments of mortar and other odds and 
end^ that fall upon them. In order 
that they may be equal to the strain 
tile spider freqiiontly strengthens the 
throad.s from time to time with several 
of fresh, thread 



This spider wun tts web across a mirror and then, seeing its refle^on in the 
glass, thmight it was facing an enemy and tried to fight it 


The cobweb in the eorner of the room 
look.s a tangled, aimless mass, hut it 
really consists of a closely woven tube 
in which the male and female spider 
live happil\' together, the female laying 
her eggs in cocoons, sciveral U'ing 
placed together in a bag of fine silk. 
Then at the end of the tube is a flat 
net, spread out for the t alching ol 
insects. 

When a fly alights on the tangled 
skein it i.^ caught by the feet and, as it 
struggles, soon be- 
comes entangled in the 
meshes. Directly it 
begins to struggle 
thread-s running from 
the snare to the den 
make its presence 
known, and the spider 
hurries out to seize 
and feed upon its 
victim. 


Setting the Net 

Blit the garden 
spider is a still more 
interesting creature to 
study. It is well worth 
wdiile having the 
patience to watch it 
right through the time 
it is making a web. 
I'Tiis work it does with 
groat skill. 

The spider first of 
all sends out a line of 
thread from her spin- 
neret — the apparatus 
at the rear of the body 
from which the thread 
comes — and this is 
allowed to float in the 
air till it catches some- 
where on a branch or 
leaf. The spider pulls 
the thread to see that 
it has caught securely 
and then fastens the 
otlier end to some 
firm object. 

She again tests it, 
and then runs along 
the thread to the fair 
end. As she docs so 
she strengthens the 
line with another 
thread. Theushe drops 
and fastens a line from 
the first one to some 
branch or leaf below 
and climbs up to fasten 
still another. 
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Soon she has a framework on which 
she can begin to weave. Then she 
drops a line, from top to bottom of 
this frame, and from the centre of thfit 
line runs out, with great accuracy and 
skill, a numl)er of radii Having com- 
pleted these she goes to the 
centre and plucks at each line 
to test it. 

iMnding everything right, she 
begins then to spin a spiral 
connecting it with the radial 
lines at each point of crossing. 

Having completed one spiral 
she starts another, till at last 
the spiral lines are very close 
together They are not the 
same as the rest "of the web, but 
have a stouter appearance. 

This is due to the fax:t that the 
transverse threads are coated 
with a sticky substance, so 
that any insect whicli is un- 
fort iinutc enough to fly or crawl 
into the web is held 

The spiral thread nctar the 
centre of the wob is not covered 
with this sticky matter, so that 
the spider can rest there with- 
out fear of being caught in her 
own toils. Further, it is be- 
lieved that the spider exudes a 
substance which counteracts 
the sticky material, so that 
she never adheres to the web 
but can travel over its threads 
safely and easily 

If the spiral t breads be looked 
at through a magnifying glass 
the sticky material can be seen 
in the form of little globules. 

These s<xjn dry in the air and 
the spider is constantly renew- 
ing tne spiral threads so that 
they may remain sticky The old thread 
which has become dry is Ccaten by the 
spider. The weaving of the whole web 
takes less than an hour. 

Having completed her work, the 
spider retires to some hidden place 
under a leaf, and watches for prey 
So(jn Jin unhappy fly strikes the web 
and is caught. The more it struggles 
to get free the more it sticks to the 
threads, and in a moment the vibrat- 
ing threads have indicated to the 
spider that .she has a victim. 

She hurries down, bites the fly with 
her poison fangs, so that it becomes 
numb, and drags it off to her lair to 
suck the juices from it. 


While she is at her meal the web 
again begins to vibrate, and leaving 
the first fly, she hurries off to find 
another one caught. As she will not 
want this at once, after injecting the 
poison, she winds it round and round 



Gossamer spiders, here shown enlarged, floating through the air 


with silken thread, turning it over and 
over with her feet as she d(K»s so. 'J'hen 
she leaves the do|x?d and bound 
prisoner hanging in the web, while she 
goes back to continue Ikt mcial off the 
first fly. She then goes down for the 
other, unless she is already satisfied. 
If a wasp or bee is caught in the web 
the spider sometimes binds it round and 
round with silk, trying to evade the 
sting, but more often than not she 
cuts her web and reiea.ses the prisoner. 

The male spiders also make similar 
webs, but these creatures are smaller 
than the females. Tliey go courting, 
and when the lady spider is tired of 
her mate she will often kill him, that 


is unless he moves away very quickly. 

After a time the female spider lays 
a number of eggs in a little silk 
which she weaves for the purpose, 
and from these arc hatched in late 
summer the baby spiders, which break a 
hole in the silk bag and escape. 

’ Wc may often see hanging by 

. a thread from a web what ap- 

pears to be a cherry stone. If 
wc go near and touch it, all at 
once the lump breaks up and 
we find that it was not a real 
cherry stone at all, but some 
hundreils of little ganlon spi- 
ders clinging tightly together. 
They run away in all direc- 
tions, but if we keep quite still 
they will gradually return. 

As the baby spider grows its 
skill becomes too small for it, 
so it splits, and the creature 
comes out with a new soft skin 
round its body But this, how- 
ever, soon hardens, and later 
on the spider, continuing to 
grow, lu'cds another new' suit, 
and so the moult is rtqxjated. 
It must be useful for the 
parent spiders that their chil- 
dren can make their own clothes 
as they need them. 

The thread which Ihe spider 
uses for its web is really a fluid 
when it comes from the spin- 
neret, but it soon dries when 
it is exposed to the air. It i.s 
very strong, and attcMTipts have 
been made to use it for com- 
mercial purposes, but unfortu- 
nately when large numbers of 
spiders were kept together to 
produce web, they ate one 
another. 

The filmy gossamer which wc sec 
floating in the air and covering the 
bushes in autumn is the ]»roduct of a 
tiny spider known popularly as the 
gossamer spider. It is a very small 
creature, and on a warm sunny dav it 
will .spin a thread or tw«) on a leaf or 
branch, and then, holding tight and 
raising its abdomen, send out streamers 
in ihe breeze. As so(jn as two or three 
lofjse threads have been spun the little 
spider lets go its hold and allows the 
gossamer to carry it in the breeze 
across the country. Often it travels for 
many miles in this way, and sometimes 
these gossamer spiders descend on 
ships far out at sea. 


THE GREAT WONDER OF THE BREAKFAST EGG 


W £ eat our breakfast egg without 
thinking that there is anything 
very wonderful about it, lint in 
reality an egg is one of the most marv^cllous 
things in the world. 

In it is the embryo or germ of life 
which in proper conditions will devttlop 
into a living creature like its piirent. 
Hound the embryo is a goklen -yellow 
fluirl which we call the yolk, "it is 
enclosed in a thin clastic membrane 
which enables it to keep its spherical 
shape, and at each end is a little twisted 
cord of white known as a balancer. The 
balancers support the yolk as in a haiii- 



What a hen's egg is like inside 
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mock, so that if the egg gets a jerk the 
yolk is not damaged, and they also hold 
the yolk in sucJi a way that the embryo 
or living part of the egg always lies 
nearest to the hen's body when she is 
sitting on the egg. Thus it keeps warm. 

Then round the yolk there is the white 
of the egg, a transparent fluid with an air 
sp-ace between it and the membrane 
lining the hard shell. This shell of chalkv 
material has small pores through whicn 
the chicken can obtain oxygen and pass 
out the carbon dioxide g;is that it forms. 

As the chicken doveloj^s it absorbs the 
yolk and the white as food. 



The spider is a skilful artificer, and spins a wonderful web like that shown here. It was completed in forty minutes from the time the 
creature started. The threads of silk are about a hundred times finer than human hair, but they are said to be stronger than steel of the 
same dimensions. They will support a great weight and resist a strong wind 



Spiders are able to cross a stream, and this they do by supporting theiMeljes on a branch or pl^nt iLS 

float across the stream. When it has caught somewhere on the oiher side the roid^ can then travel Mross the line,^but it always t^«^ 
the line before attempting to make a jo^ey over it The web material is ffiiid when it emrges from the spidw s spinnmts, but it 
hardens in atmosphere. Although it is sticky, the spider has some way of avoidmg being caught in its own web 
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A PLANT’S DEATH-TRAP FOR INSECTS 



The Pitcher Plant, or nepenthes, which grows in the Tropics, draws its nourishment largely from insects, and has a very clever death- 
trap in which to catch them. The plant grows in marshy forests, and each lance-shaped leaf is extended at the end into a coiling tendril 
which reaches out till it finds support on the branches of some other plant. Having wound round the support, the end grows into the form 
of a pitcher with a cover to keep out the rain. In some species the pitcher is more than a foot long. Inside, the pitcher has a coating of 
wax, and round a corrugated margin at the top is secreted a honey-like substance. This acts as a bait to insects, and while they are eating 
it they slip on the shiny wax and fall into the pitcher, which holds water. The insects try to fly or crawl out, but the sides are 
sUppeiy and, further, are provided with spines pointing downwards, so that the pitcher is a kind of lobster-trap and the insects, once inside, 
cannot get out. Finally, the insects are drowned, and the water, which has in it certain ferments provided by digestive glands, becomes 
a sort of insect broth and the plant is able to absorb the proteids from this and nourish itself. Small birds visit the pitcher plant for insects 


WHY WE COOK POTATOES BEFORE EATING THEM 


T aking it all round, animal foods are 
less easily digested when cooked 
than when raw. Raw eggs, for ex- 
ample, can be digested much more easily 



The cells of a raw potato with tough walls 


than boiled or fried e^gs. This is because 
the protein matter m the animal food 
coagulates during cooking. But it is dif- 
ferent with vegetables, for they are very 
poor in proteids. On the other hand, they 
are rich in carbohydrates, principally 
starch. 

This starch is enclosed in cells with thick 
and tough walls which cannot be ]>ene- 
trated by the digestive fluids of our bodies. 
If, therefore, we cat, say, a raw potato, it 
cannot be digested for the rea.son ex- 
plained. When, how'cvcr, we cook the 
potato tlie starchy contents of the cells 
swell until the w^alls burst, releasing the 
contents. Further, the starch becomes 
changed by the cooking into a soluble 
form, and so when we take it into our 
bod ies wc arc able to make u se of i t . Before 
cooking the starch is in an insoluble form. 

Thu most striking chemical fact about 
the potato is its richness in starch, and 
it is indeisd one of the chief commercial 
sources of that substance. Its starch 
grain is specially large. When we find 
potatoes “ waxy ” after cooking we may 
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know that they contain a considerable 
quantity more than usual of proteid, for 
the appearance called waxiness is due to 
the coagulated proteid holding together. 



Potato cells after cooking, with fragile walls 



THE ANIMAL THE WORLD NEARLY LOST 
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bSt ^ ^-^^*y******?» fywaces of cfrMl Ufefr the stoij of the Amtf icon toon. It roamed tto plains of North Americain mllUons, 




multiplied till there ere ler 

^ . r ^ MM i,n«irc mM^ isr» aa^asM asa a^MaaviiMi |jAiMa »ai uvw mc wnncu oliixcB wio \.aiiaaa. AS late as i» 7 x a herd was seen in 

to wide and 50 miles long. It was estimated to contain four million animals. While the European bison is a denizen of 
Amenean bison is a grazing animal of the plains. Here we see a cow bison with her calf. The bulls often weigh a ton 




TREES THAT SHOW HOW THE PREVAH^ING WINDS BLOW 



A growing plant always takes the line of least resistance. For example, roots in the ground when they come to a large stone change 
their direction and grow round it. Similarly, when a plant like a tree is yoimg it takes very little to make it grow in a particular direction. If 
the prevailing winds are all in one direction the tree will grow with a tilt in that direction. We may see whole rows of trees growing 
like this in the Fen District of England. Here is a tree which has been made to grow horizontally by the wind at Cockersand Abbey 
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Wonders of the Sky 


A MARVELLOUS DISCOVERY IN THE SKY 

The vast areas of Space in which circulate not merely millions of suns and worlds, but millions of universes, 
become more staggeringly wonderful the more we know about them. Modern scientific instruments, like 
the huge 200>-inch telescope at Mount Palomar Observatory in America and the spectroscope, are ever 
revealing fresh wonders. In these pages we read something about recent discoveries. What were thought 
to be empty spaces in the heavens arc now believed to be incredibly vast masses of dark cosmic dust and gas. 

In fact, all space is now believed to be filled with gas that is very thin and drawn out 


T he knowledge which men ot 
science now have of the Universe, 
even in its very distant regions, 
is truly astounding. Those early 
astronomers who first scanned the 
heavens would have l^eii astonished 
could they have known a tithe of 
what any intelligent boy or girl 
can know to-day. 

This knowledge has come through 
the brain of man, but not the brain 
of the astronomer only. Men of 
science in many realms have lieen at 
work, and by their discoveries and 
inventions they have hclj^d the astro- 
nomers to pierce the blackness of 
distant Space and fathom its mysteries 
We owe the knowledge of the 
heavens which we have to-day to the 
astronomer, the photographer, and the 
inventors and perfecters of the tele- 
scope and spectroscope. The telescope 
magnifies or brings near the distant 
object, the photographic plate 
records it permanently for 
examination, the spectroscope 
reveals what the distant body 
is made of, and the astro- 
nomer, with the aid of other 
men of science, by careful 
examination of this informa- 
tion, is able to use the know- 
ledge as a detective uses his 
clues, and to piece together 
the story of happenings in 
distant Space and distant 
Time 


The Wonder of the Spectrum 

We read on page 41 some- 
thing about the amazing 
vaslness of Space, and of the 
thousands of millions of miles 
which separate one star from 
another. It used to be 
thought that this Space be- 
tween the stars — Interstellar 
Space, as it is called — was 
quite empty. Then men of 
science, discovering that light 
comes to us in waves, 
reasoned that waves cannot 
pass through nothing ; they 
therefore supposed that all 
Space was filled with a very 
thin substance, far too elusive 
to be collected or handled, 
which they called ether. No 
one really knows, however, 
whether ether actually exists. 

But a few years ago a very 
wonderful discovery was 


made A scientist was examining one 
of the stars in Orion's Belt by moans 
of tho spectroscope, which breaks up 
the light. 

On the spectrum, or band ot colour, 
different lines appear according to the 
substance whose light is being examined 
The star in Orion which was being 
examined was what is called a binary : 
that is. it really consists of two stars 
circling round one another. When its 
light is examined by the spectrum 
the lines shift as the stars revolve 
round one another. 

Queer Behaviour of a Line 

The astronomer who was using the 
spectroscope noticed that one line 
behaved quite differently from all the 
rest. W'hile they shifted to and fro, it 
remained still. He came to the con- 
clusion that this line must be caused by 
a gas somewhere Ixi tween us and the 



The Coal Sack, a jet black patch in the sky near the Con^llation 
of the Southern Cross, also shown in the photograph, raw wm 
once thought to be empty space, but is now believed to be 
an immense cloud of dark cosmic dust and gas 


Orion star, and from the nature of the 
line he supposed it to be calcium gas. 

Other scientists got to work, and 
soon it was found that when the 
light from other stars was examined 
similar stationary lines appeared The 
matter was reasoned out, and men of 
science are now convinced that the vast 
Space between the stars themselves is 
filled with gas, and that it is this gas 
that causes the stationary lines. 

We may think our atmosphere not 
very dense, but the gas that nils Space 
is so drawn out and thin that scientists 
reckon it would take a million cubic 
miles of it to weigh as much as a cubic 
inch of air. Yet so vast is Space that 
if all this very thin and drawn out 
gas were brought together, there would 
be more matter than is contained in 
all the thousands of millions of stars. 

Before we go any farther, let us sec 
if we can get some idea of the almost 
incredible smallness of the 

atom There are two or 

more atoms in every mole- 
cule of matter, and the mole- 
cule is so small that if 40 
million molecules of gas were 
ranged in a row side by side 
they would scarcely extend 
for an inch 


A Drawn Out Gas 

In the gas that fills Space 
there is only one atom in 
every cubic inch, and, accord- 
ing to Sir Arthur Kddington, 
one of these atoms would, 
on the average, move in a 
straight line for about seven 
yeiurs before coming into 
colli.sion with another atom, 
and during that time it would 
travel farther than the dis- 
tance from the Sun to Jupiter ; 
that is, 483,000,000 miles. 

In other words, this gas 
that fills Space, or cosmic gas, 
as men of science call it, is so 
thin and drawn out that it is 
only one million million mil- 
lionth of the den.sity of water. 

It used to be thought that 
distant Space was intensely 
cold: indeed, when far 
removed from the Sun the 
temperature of a solid or 
liquid body falls to as low as 
270 degrees Centigrade below 
freezing point. 

But scientists now tell us 




WONDERS OE THE SKY 


that electrons or particles are torn 
from the atoms of the cosmic gas by 
the influence of ultra-violet light from 
the stars, and arc set moving at 
terrific speed. This motion causes the 
gas to reach a temj)erature ot about 
10,000 degrees Centigrade. Owing, 
however, to the fact that the gas is 
so very rarefied, a solid body immersed 
in it would not feel the heat. 

Of course this gcT-s that fills all Space 
is quite different from the great masses 
of gas that are found in certain parts 
of the heavens, and arc knowm as 
gaKix>us nebulae. 

Take, for instance, the grcJit nebula 
in Orion — a vast mass of glow- 
ing gas the size of which baffles 
the imagination. It is reckoned 
to be 25 light-years in diametcT, 
or 147 million million miles. This 
astronomers believe to be a uni- 
verse in a stJite of yc»uth. 


remoter distance. But here were black 
patches with nothing showing at all. 

As Dr. Robert Trumpler, of the 
famous Lick Observatory in California, 
.says : “A real vacancy of stars could 
only appear as such if it extended all 
through the depth of our stellar system. 
In other words, it would have to be 
like a narrow^ straight tunnel, some 
10,000 to 20.000 light-years long.*' 

Too Remarkable a Coincidence 

To be seen as an empty space, such 
a vast tube would have to be pointed 
exactly at the solar system, and that 
one such lube might he so pointed was 




The Nebula Family 

There are many other nebulae 
in tlie distant heavens of v('ry 
diverse appearance, and Sir 
James Jeans says these are in 
different stages of development, 
and he likens them to a sequence 
of babies, children, boys, men 
and greybeards. Stime.’like the 
great nebula in Andromeda, 
liave probably dcvclojicd into a 
universe of stars like our Milkv 
Way. 

But these concentrated masses 
of gas .seen at different parts of 
tlie heavens are not always 
bright and glowing. Some of 
them arc dark and opaque, shut- 
ting off from our sight all that 
lies beyond. One such mass of 
dark gas is seen in Orion, where 
there is a definitely black mass 
called from its shape the Horse? 's 
Head. The great roo-inch tele- 
scope at Mount Wilson Observa- 
tory hiis enabled a magnificent 
photograph of this to be taken, 
and it is seen on the opposite 
page. 

Another such mass of dark 
gas is seen in the constellation of 
the Southern Cross. It is knowm 
as the Coal Sack, a name given 
to it by the early navigators and 
astronomers, who supposed it to 
be a yawning cavity among the 
stars, a great hole or kind of 
tunnel in the stellar system. 

All these dark spaces in the 
heavens were formerly supposed to be 
such holes or vast areas where there 
were no stars at all. Scientists, while 
believing this, realised the difficulty of 
the theory, although they had no alter- 
native suggestion to put in its place. 
If these black patches were really empty 
spaces without any stars at all in them, 
then they must be long and tubular in 
shape. This could be the only explana- 
tion of their blackness, for as we looked 
through our telescopes at the distant 
confines of splice we should, if the 
emptiness extended for only a few 
million miles, sec some stars in the 
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The Great Rift in the Constellation of Qphtuchus, or the 
Serpent Bearer, now believed to be not an empty space but 
a huge dark nebula 


quite possible. But that there should 
^ several hundreds of these tubular 
spaces all pointing exactly at the solar 
system seemed too remarkable a co- 
incidence to occur. The new discovery 
about the dark patches of cosmic dust 
in space has solved the difficulty. We 
now know that in these black parts of 
the heavens the real fact is not that 
tliere are no stars, but that a dark 
screen shuts them off from our sight. 

The dark patches are really dark 
nebulae made up of fine cosmic dust. 
Speaking of these. Dr. Tmmpler .says : 
" JNot all nebulae, howx'ver, cause com- 


plete obscuration ; more often they 
only dim the light of the stars .seen 
through them. The frequent occur- 
rtmee of obscuration phenomena finally 
leads to the question : Is there any 
place where space is completely empty ? 
Or is there a fine material substratum 
permeating all interstellar space ? If 
so, a general absorptiofi of light in 
space must be the consequence. 

“ According to our present know- 
ledge, we may say that outside of our 
Milky Way, space must be of nearly 
perfect transjiarency. On the other 
hand, evidence has recently accumu- 
lated which indicates tliat light absorp- 
tion within the spaces of our 
galactic system is not negligible. 
Not only do we find dark matter 
of w'ide distribution in our 
galaxy : its presence is even 
noticeable in distant stellar 
universes. 

“The matter con.stituting our 
universe is evidently found in 
either of tw'o stales; in organised 
bodies like the stars; or in un- 
organised chaotic masses of tiny 
particle's mostly dark, only in 
few places becoming visible as 
nebulae.** 

Ever New Worlds to Find 

Some scientists in the latter 
part of tlie iqth century used to 
speak and write as though 
almost everything about the 
Universe and matter had been 
disrovered. Like Alexander the 
Great, they seemed to sigh for 
new worlds to conquer. How 
x ery far such an idea was from 
being the truth has lx*en jiroved 
by the amazing discoveries of the 
2oth century. Indet*d, we have 
discovered more about the Uni- 
verse in the last quarter of a 
century than was discovered in 
all the previous centuries, and 
the more we know the more 
wonderful it all is, and the more 
seems to be awaiting discovery. 

With increasingly powerful 
telescopes such as could not be 
imagined years ago, and with 
the enormous improvements in 
photography, both of the camera 
and of the highly sensitive plate, 
it is possible tliat the next 
quarter of a century may bring 
to our knowledge stupendous 
facts about the universe that art 
not even dreamed of now. Wc 
may perhaps look back xvith enormously 
extended Imowlcdge in twenty or thirty 
years' time and think smilingly of the 
little we knew in these passing days. 

We are overwhelmed oy the immen- 
sity of space and all it contains, and it 
is not surprising that more and more 
scientists seem to arrive at the conclu- 
sion that behind it all there is a guiding 
intelligence. 

Increasing knowledge, so far from 
leading to pride and arrogance, has 
only made scientific men more humble, 
both as regards their present knowledge 
and what they one day hope to know. 
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THE DARK HORSE’S HEAD IN THE HEAVENS 



Here is a very remarkable photograph of part of the heavens in the direction of the constellation of Orion. It was taken at Mount Wilson 
Observatmywith the great loo-inth telescope, and was given three hours* exposure. Thepictureshowspart of anebulaormassof glowing 
gas in Orion, but the interesting thing about the photograph is the dark object in the middle of the picture. This is sometimes called 
the Dark Bay, and at other times the Horse’s Head, because of a fancied resemt^fance to the shape of a horse’s head. This dark patch, 
like others in different parts of the heavens, was once supposed to be a great cavity extending tunnel-like into space among the stars, 
but it is now known to be an immense cloud of dark matter shutting out our view of the stars beyond. Such black patches, now believed 
to be dark nebulae, are found only in or near the Milky Way. In some cases the dark patches merely dim the light of the stars behind 
them so that only the brightest are visible, just as only the brightest lamps in a street can be seen through a thick fog 
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HOW WE CAN FIND THE TRUE NORTH 


T hose interested in astronomy may 
carry out a fascinating experi- 
ment by which they will be able 
to find the true north accurately 

We choose a window in the house 
wliich looks out on the north and from 
which we can see almost as far down 
as the horizon From the top of the 
window wc hang a long plumb line, 
and in order that it may not sway 
about in the wind we allow its lioh to 
hang in a basin or bowl of water When 
the plumb line has come finally to rest 
we stretch if taut in that position 


presents, and the meridian, as we read 
on page 30, is an imaginary circle in 
the heavens exactly above a great 
imaginary line going round the Earth. 
This vertical plane will intersect the 
horizon in .its true north point. 

As we probably know, the Pole Star 
is not exactly at the North Pole of the 
heavens Ev'ery 24 hours it describes 
a small circle round the actual North 
Pole, so that in the 24 hours it crosses 
the meridian twice. The interval 
between the two crossings is nearly 
twelve hours The Pole Star always 


Of course we must be careful that 
the short plumb line is hanging per- 
fectly free and still when we have 
made our adjust merit. If we place a 
lamp behind our head with the light 
shining on the plumb lines they will 
be illuminated so that we can see 
them clearly. 

Having brought our plumb lines to 
the right position we can then make 
two permanent marks hi the plane of 
the lines, as for example, by placing 
drawing pins in the floor, which will 
give us true north for future use If 



Here is an interesting experiment which any boy or girl can carry out in the house. It is an experiment for finding true north. All 
we have to do is to hang two plumb lines with their bobs in bowls of water to prevent swaying, and adjust one to the other so that they 
will both be in a line with the Pole Star and the star Mizar in the Plough. A lamp placed behind our head will illuminate the lines and 

make them quite visible in the darkness 


Now from a tabic somewhere in the 
room we Imng another plumb line, 
this time a short one, and here again 
we allow the bob to rest in water, so as 
to prevent undue swaying. For ca.se 
of observation we should see to it that 
the cord or string of each plumb line 
is white 

Next we have to adjust the short 
line so that the plane passing through 
the two lines shall also pass through 
the Pole Star when it crosses the 
meridian By a -plane we mean a flat 
level surface, such as a sheet of i)aper 


comes into this position of crossing the 
meridian when the star Mizar in the 
Plough is also on the meridian. What 
we have to do, therefore, is to watch 
clo.se ly for the time when the long 
plumb line hanging in the wifidow 
isses through both the Pole Star and 
izar. 

At that moment, lying on the floor, 
we plac^ our eye near the floor and 
move the table with its short plumb 
line carefully and steadily till tliat line 
is in the plane with the long line and 
the two stars named. 


we can continue our north line into the 
garden we could stretch a while string 
between two small posts on the line, or 
mark an arrow pointing true north on 
the path or paving. 

An experiment of this kind carried 
out with care will give us the faculty of 
being accurate, and will certainly be a 
good exercise as well as an excellent 
amusement. It thus has an advantage 
far exceeding the mere purpose for 
which we carried out the experiment, 
namely, the finding of the ,true north 
as seen from the window of our house. 
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WARMING A HOUSE BY 


RAL 


Many houses and most large buildings are now warmed by what is known as central heating. This is 
generally done by means of hot water circulating in pipes, and it is possible because of the fact that water 
is heated by convection, that is, as the lower layers become warmer they rise and the colder water from above 
flows in to be warmed in its turn. Here we see bow this natural principle is used in central heating 


I N warming a house by central 
hciiling, the boiler is placed on tlie 
ground floor or in the basement 
to take advantage, of the fact that 
water is heated by convection. 

When the lower part of the water in 
an enclosed vcssid or series of jiipc's is 
heated it bi=»comes less dense and will 
rise, the colder water above descending 
\n take- its place. Thus, a regular 
circulation is carrie<l on till all parts of 
ihe llui<l are at the same temperature. 

The picture makes clear how the 
sysleiu works. The water as it is heated 
by tlie furnace rises in the pipes and 
jMsses through radiators in the tliffereiit 
rotuns. Jn its journey, however, it is 


getting cooler, and so having wanned 
the room it dc'seends through a return 
pijx^ to the boiler once more to take the 
Jslace ol the hotter water that is rising. 

The rooms become heated by radia- 
tion Irom tht^ metal rt Jiator.s, arwl as 
tJiese are on the Hoc ■ warm air is 
constantly rising to th- uppen* part of 
the room, w hile the ct Icr air dc.sceiids 
t o be warmed in its turn by the radiators 

Kadiators arc generally jdaced near 
wiinlow's so that when the.se are opened 
for ventil.it ion the air can pa.ss over the 
radiators bedore going into the room. 


As radicators dry the air as well as 
warm it, it is usual to keep a dish of 
water on a radiator so that the air may 
have tlic necessary moisture. Another 
way is to keep a growing jilant like a 
ferii or a.spidistra in the room. The 
leaves then give off moisture. 

Hut there is one important ]>oint that 
must not be overlooked. Water expands 
when it is heated, and so at the top of 
the house* it is necessary* to have an 
expansion lank which allow^s for the 
expansion of the w\'tter when it is hot. 
If it were not for this the pipes might 
burst. It is also important to prevent 
the water in the expansion lank freezing, 
A frozen tank mav burst. 
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Tu;. tfi hMted bv hot water pipes suppUed from a boiler in the basement. The water, as it becomes warm, 

to r«dSto« in the rooms. When it ha. coolrf it to the l^ter to he 

SZrt The operation is the emne when the boiler u. in a ground-Soor room 
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EXPERIMENTS WITH SIMPLE 


W E can all perform chemical ex- 
piTiments without going to 
a laboratory and having ex- 
pensive apparatus. fJor do we need to 
get together a collection of elaborate 
chemicals such as are found in a school 
or college. Tliere are plenty of chemi- 
cals in the home, and with very little 
apparatus indeed we can carry out 
sonic interesting experiments. 

For example, lake a rusty nail or 
other iron object that has been lying 



Separating iron filings from red rust 


outside and scrape the red rust into 
a plate with an old knife. Then take 
some iron filings, such as w'e can our- 
selves file from a nail or screw. Mix 
the two sulistances together, and then 
try to separate them. 

How will you do this ? Well, there 
is a very simple way. Hold a magnet 
over the mixture, and at once the iron 
filings w'ill adhere to the ends of the 
magnet, but the red rust will be left 
behind in the plate. 

The magnet attracts the iron filings, 
but it does not attract the rust, for the 
simple reason that the rust, which is 
iron oxide, is a different substance 
with different qualities, although it 
contains iron. The oxygen of the air, 
which is a cliciiiical element, combined 
with the iron of the nail, which is also 



Testing acids^ and alkalies with litmus 


an clement, to form oxide of iron 
w'hich is a chemical compound and has 
qualities different from tlie elements. 

Another interesting experiment can 
be carried out with red and blue litmus 
paper, of which we can obtain a few 
strips for a penny or twopence at the 
chemist's. We place in a number of 


egg-cups or saucers various liquids, 
such, for example, as soda water,, 
lemonade, liquid ammonia, salt water, 
and vinegar. W'e want to discover 
which of these are acids and which are 
alkalies and which are neutral salts. 



Ammonia from soda and sal-ammoniac 


Wc do this by testing them with the 
strips of litmus paper. The acids will 
turn blue litmus red, the alkalies w^ill 
turn red litmus blue, and the neutral 
liquids will have no effect o^ either. 

Here is another interesting experi- 
ment. We take a little sal-ammoniac 
and crush it into small fragmcMits. 
Then we place it in an egg-cup or 
saucer with some crushed or powdered 
washing soda. When we mix tlv? two 
together wc shall find that if wre put 
our no.ses near the mixture that am- 
monia gas is being given off. The 
elements of which the two substances 
are combined rc-arrange themselves 



Hydrogen from iron filings and acetic acid 


into new combinations and ammonia 
gas is formed, while common salt and 
water are left behind. 

We can make hjrdrogen gas in a test 
tube by putting inside a few iron filings, 
and then pouring over them a little 
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acetic acid. Vinegar is really acetic 
acid, but the acetic acid we at the 
chemist’s is stronger. We can light 
the hydrogen with a match at the 
mouth of the tube as it is escaping. 

Here is an experiment which we can 
carry out with a little soap, soda and 
water. We dissolve some ordinary 
yellow soap, say, half an ounce, in two 
cupfuls of distilled water — ^freshly 
collected rain water will do. The soap 
needs to be flaked, stirred up in the 



Making hard water with salt 


water, and the whole heated gently 
without bringing it to the boil. 

When we have the solution, wc drop 
in a coiipb* of tablespc onfuls of ordintury 
cooking salt well ground up by means 
of a rolling pin. This salt will dissolve 
in the water and at once flakes will 
be seen floating. The explanation is 
that the water, owing to the salt dis- 
solved in it, has become hard, and 
hard w^ater will never hold sojip in 
solution properly. 

To prove that some substances will 
not bum, that is will not combine 
with oxygen, we can carry out this 
experiment. Soak a piece of white 
cotton in brine scvenif times, so that 
there may lie a good coating of salt. 
Now with the cotton tie up a light ring 
and suspend it from a metal rod. At 



The cord that will not bum 


the same time suspend another ring 
with unsoaked cotton. 

Set light to both the threads and 
wo shaU find that while the ring 
suspended from the untreated cotton 
falls, the other one remains suspended 
because the coating of dhlt does not 
bum. 









A stack of coal oxidising very slowly 


Athletes in whose body carbon is burning 


Burning or combustion is really the combination of a substance with the gas oxygen, which forms part of the atmosphere. It is not 
always acconmanied by flame, and the burning majr be fast or slow, when gunpowder explodes, the burning is very rapid. It is 
slower in the locomotive furnace and still less rapid m the fire of our grates. When a candle is alight it is burmng, but with less heat 
than the fire. In an anthracite stove the burning goes on slowly, and still more slowly when a havstack gets hot and burns 
spontaneously because it was stacked when damp. The rusting of iron is really slow burning, and a pile of coal in the open air or cellar 
is continually burning at a very slow rate, for the oxygen of the air is combining with it. When we breathe burning is going on, for 
the carbon of our body is combining with the oxygen of the air, and the faster we move and breathe the faster the burning goes on 
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This drawing shows you the inside of a complete jet engine and the chief parts that make it work : x, the combustion chamber ; 2, the 
compressor wheel ; 3, the air intake ; 4, the shaft connecting compressor and turbine ; 5, the igniter or sparking plug ; 6 , the fixed 
blades of the turbine ; 7, the moving blades of the turbine ; 8, the cone against which the gas jet thrusts and drives the aircraft for- 
ward ; and 9, the starter motor. The smaller drawing in the top right-hand corner, shows the inside of the compression chamber ; 
xo, the space between the inner and outer chambers ; xi, fuel feed pipe ; X2, port by which compressed air enters the chambers ; 13, 
casing of outer chamber ; and 14, nozzle spraying paraffin vapour into the compressed air. The smaller drawing in the bottom right-hand 

comer shows how air released from a toy balloon pushes it forward 

L ooking at the drawing at the top What liap])cns in tJie deflating chamber and leading into it is an 
of this page showing the inside balloon is exactly what happens in a electrical sparking plug, llic spark from 

of a jet engine you would think jet engine ; only cm a very much which occurs inside the compression 

that jet propulsion was a very compli- larger scale and with the assistance of chamber and causes the mixture of 

cated thing indeed. Yet nothing ccnild mechanical devices to increase the air and paraffin vapour to burn. This 

be more simple than its principle, pressure of the gas mixture so that it makes the mixture very hot so that it 

The jet engine has few moving parts, is forced from the rear of the engine expands rapidly and forces its way 

and it develops such high power that w'ith tremendous forc^. out through a nozzle at the end of the 

aircraft fitted with it can fly faster than In the jet engine pictured above, a compression chamber and strikes the* 

sound. small electric motor (9) starts to revolve moving (6) and fixed (7) blades of a 

Jet propulsion is based on the fact the compressor wheel (2). The blades turbine. This causes the turbine to 

that when a quantity of air or other on tlie compressor wheel turn in an revolve. Attached to the plate holding 

gas is compressed into a very small anti-clockwise direction and suck in the blades is a shaft (4), the other end 

space it struggles to escape. If the air through the intake (3). The air is of which is attached to the compressor 

only way it can escape is through a sucked in so quickly and in such large and turns it round. This means that 

small opening, the escaping gas will quantities that it is compressed and once the engine has been started, the 

come out with such force that the forced into the combustion chamlx;r starter motor (9) can be switched off, 

container in which it was comprc.ssed (i in the large drawing). and as long as air is sucked in, mixed 

will lx: forced forward in the opiMisitc The smaller drawing on the top right with paraffin and ignited, the engine is 
direction. shows the interior and principal parts self-acting. 

Blow up a toy balloon and it im- of the comprc.ssion chamber. The After the air and paraffin mixture 

mediately begins to swell, and the more compression chamber has an inner and passes through the turbine blades it is 

air you blow into it, the bigger becomes an outer chamber; some of the air forced into the rear nozzle of the engine, 

the balloon. In other w*ords, a lot of forced from the compressor passes where there is a cone (7) against which 

air is being compressed into a small through the outer chamber (10) and the jet of high pressure and expanding 

space. When the ballocjti has been well some through the inner chamber. The gas reacts, causing the engine and the 

blown up, close the opening with a air in the inner chamber mixes with aircraft to which it is fitted to move 

clothes- peg. I’ull the peg away quickly paraffin vajKmr forced through a jet (14) forward. This is the same principle 

and the air ruslies out with such force supplied by a pipe (11) led from the that made the blown-up balloon jump 

that the bal 1 o<^ii is pushed forward. fuel tank. On top of the compression forward when the air escaped. 
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A BATTLE WON BY CAMP-FOLLOWERS 

Every^ Scotsman loves to think of Robert Bruce and his great victory at Bannockburn, for it was that battle 
in which the Scots defeated the English that won freedom for Scotland, and the story of how a spider spinning 
its web taught the great Scottish hero the lesson of perseverance is a classic. Here we read the romantic 

story of Robert Bruce and his great victory 


I F Willi.'im Wallace stands out as 
Scot lai id's greatest national lioio 
Kobert Bnicc is a very close 
second, and lie has this fidvantagc that 
he really freed his country, which 
Wallace had failed to do. 

Tlu‘ gnuidfathcr of linicc, another 
]h)hort, had been candidate for the 
ihroiie. after the death of Alexander the 
riiird, but his claim had been rejected 
bv Kihvard tlie I'^irst when that 
nioiiarch was called in to arbitrate. 

With Wallace dead, tiiid all opposi- 
tion crushed for the time being, the 
I'.nglish ill Scotland became 
more arrogant than e.ver, and it 
was not long before the people 
made up their minds that they 
must fight for frcixlom 1 hey 
therefore looked round for a 
h atiiT, and certainly no one was 
more worthy than Bruce. 

But he was not tlie only noble 
who laid claim to the llironc of 
Scotland. 'Fhere was Sir John 
t omyii, who was calU*d llie Ked 
tdniyii to distiiigui.sh him from 
Ins kinsman, the Black Coniyn, 
so called from his sw'arthy 
« oiiiiteiiance 

Scotsmen Fight for England 

After the battle of Falkirk, 
both Briiee and Comyn had 
Mibmitlcd to the Knglish king 
and aeknowledged his title as 
King of Scotland. They even 
fouglit with the Knglish against 
their countrymen, but Bruce 
^•ery soon realised how base and 
Lni])atriotic this was. In one of 
ti'.e skirmi.shes between the 
English and a band of patriotic 
Scots, Bruce was prosimt and 
lielped the English to gain the 
victory. 

The fight over, he sat dow'ii 
to a meal with his English 
friends and allies without 
washing his hands, on which 
there still remained some of the _ . 
bIcKxl shed during the battle. 

Englisli lords noticing this 
said to one another in mockery, “ Look 
at that Scotsman who is eating his ow'ii 
blood.*’ Tho words were like a dagger 
Mab to Bruce. 

He realised that the blood U]X)n his 
li.inds might, iu a very real sense, be 
• ailed his owm, becau.se it was that of 
liis brave fellow-countrymen who were 
lighting for the freedom of their native 
kind. He, on the other hand, w^as 
assisting the oppressors of Scotland, 


and the only thanks he got was their 
laughter and ridicule. So shocked was 
he at this revelation of his own basene-ss 
that he at once left the table and going 
into a ttcighbouriiig cluqicl prayed to 
Ciod to forgive the great crime of which 
he had been guilty. 

Then, before, the altar, he made a 
solemn vow that ho would do all in 
his i)owcr to atone for the sin and 
dcU\Tr Scotland from the foreign yoke. 
Krom that timi* onwards Bruce never 
fought for the English again. 

Bruce was not only a strong and 



: Bruce receives a lesson in perseverance from a 

brave man, but a very able man, too, 
and he realised that there was no hope 
for Scotland unless the nobles and the 
people were all united against the 
common enemy. It was useless to 
think of defeating the English as long 
as there were rival Scotsmen for the 
Scottish throne, so Bruce went to the 
Red Comyn and said. “ We nmst come 
to an agreement. If you will help me 
to get the Scottish crown 1 will give 


you iny lands. On the other hand, 
if you prefer it I will help you to win the 
crown if you w'ill agree to give me your 
lands.*’ 

It is said that Ounyn decided to take 
Robert Bruce’s lands, and that in 
return he agreed to lielp him mount the 
throne, but Comyn was a traitor anti 
instead of keeping his word he went and 
told King JCdward of the bargain that 
had been made. Some time later 
Bruce and Comyn met by arrangement 
in a church at Dumfries. What passed 
between them is not known, but 
before long they quarrelled. 

Some records say that Bruce 
charged the Red Comyn with 
having betrayed to the J£rigli.sh 
his purpose of rising against 
King JCdwaxd, but whatever 
the cause of dispute the two 
noble.s came to high words and 
Bruce in a passion drew his 
dagger anil struck a blow at 
Comyn. Then he rushed out 
of the ehurcii and called for 
his liorsc, saying to two gentle- 
men iu attendance upon him, 

“ I doubt that 1 have slain the 
Red Comyn.*’ 

The Power of the Church 

P ** Do you leave such a matter 
l^j in doubt ? ** said one of the 
gentlemen. “ I will make sure,” 
and thereupon he and his com- 
]ianiun rushed into the church 
and killed the Red Comyn with 
their daggers. 

There was now no doubt that 
King Edward of England 
would seek to execute ven- 
geance uiKin Bruce, who had 
made things still more difficult 
for himseli by committing 
sacrilege in a church. In those 
days the power of the Church 
was a very real thing, and not 
long afterwards Bruce was ex- 
communic.atcd by the Pope on 
account of the killing of the 
spider Coinyii on consecrated 

ground. 

Bruce became dcs])cratc. He deter- 
mined on a bold bid for fortune, and 
drawing a band of followers together 
asserted his claims to the throne anil 
was crowned king at the Abbey of 
Scone. The ancient crown of Scotland 
had been carried away to England by 
King Eilward, but a small circlet of 
gold was hurriedly made for the 
occasion, and as the Earl of Fife, whose 
duty it was to crown the king, would 
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not attend, the ceremony was per- 
formed by his brave sister the Countess 
of Buchan. 

Edward was infuriated, and, although 
he was now old and feeble, he decLared 
at a great festival of his Court that he 
would tahe nm]>le vengeance on Kobert 
Bruce. Gathering a powerful army, he 
started for Scotland. But, meanwhile, 
lirucc w'as defeated in a battle by the 
ICnglish Earl of IVmbroke., and his 
horse was killed under him in the 
action. He was taken prisoner by a 
Scottish knight who was serving in "the 
English army. This man, however, 
felt that he could not put his brave 
fellow-countryman into the hands of 
the English, atul so he allowed him to 
escape. 

This was very lort unate for Bruce, 
for had the Scottisli knight not behaved 
in this way he might .scarcely 


fix a line on which to weave its web. 
Again and again the f^ider tried to 
reach the beam, but without success. 
Bruce counted no fewer than six such 
attempts, and realised that he had 
fought six unsuccessful battles against 
the English and their allies. 

The Seventh Attempt 

** Well,** thought he, " this poor 
spider is in just tlie same situation that 
1 am. It has made many attempts, and 
failed every time. If it makes another 
attempt to fix its thread and is success- 
ful, I will venture a seventli time to try 
my fortune in Scotland, but if tlie 
spider sliall fail I will go off tt) Palestine 
to fight the inliflel, and never again 
return to my native country.*’ 

TJie king watclied the spider. Gather- 
ing all its force, the creature made a 


him aiid most of his men. They were 
now hunting in the Isle of Arran. 

The king asked to be guided to the 
woods where they were, and at frequent 
intervals he blew his horn. Now the 
armed Scotsmen were Black Douglas 
and some of his followers. The moment 
Douglas heard the horn he knew at once 
tliat it was Robert Bruce, and soon the 
king and his followers met, with great 
joy. They began to make plans for 
gathering an army and beating the 
English. It was arranged that Douglas 
should gr) first to tlie mainland in 
disguise and rai.se his own followers, 
while another friend of Bruce, named 
Cuthbert, was to go across to tlie main- 
land of Garrick, and if he found the 
people disposed t<j take up arms against 
tlie English he was to light a fire on a 
headland on the Ayrshire coast opposite 
tlie Isle of Arran. 


have been heard of to-day 
Bruce with a few brave fol- 
lowers, incliulirig the young 
Lord of Douglas, whose name 
afterwards became a houselioJd 
word as the Black Douglas, 
fled to the Highlands and there 
hid from the English. They 
had to hunt and fish in order 
to obtain food, but they were 
not short, for Douglas was vc^ 
dexterous in fishing and in 
hunting and killing deer. 

Severe Punishment 

Again Bruce gathered a 
small army, but again he was 
defeated, and he had many 
breathless escapes from capture. 
His young brother, Nigel Bruce, 
was cruelly killed, and his queen 
and the countess who had 
crowned him were placed in 
strict confinement and treated 
with great severity. The 
Countess of Buchan was im- 
prisoned in the Castle of Ber- 
wick, being placed in a cage 
made on purpose for her. Some 
Scottish writers say that this 
cage w.as hung over the walls 
with the coiinte.ss in it, just as 
a parrot’s cage is placed outside 
a window, but this is not true. 
The cage, made of wood and 
iron, was placed in a compart- 
nient in the castle. 

'I'hings now seemed desperate 
for poor Robert Bruce. He 



Bruce and his brother, pressed 1^ bloodhounds, wade down 
a stream to throw them off the scent 


For some days Bruce watt'.hed 
eagerly for the fire, but there 
was no sign. At length through 
the darkness one night the flare 
was seen, and the king and his 
men went eagerly into their 
boats, assuming that the men oi 
Garrick were in arms and read>' 
to fight. When they landed oii 
the Ixjacli at midnight they 
found Chjthbcrt alone waiting 
for them, but his news was bad 
news. Lord Percy was in the 
c«>untry with several hundred 
Englishmen and had so terrified 
tlie people that they dared not 
think of rebelling against King 
Edward. 

Many Narrow Escapes 

“ Traitor I *’ said Bruce. 

Why, then, did you make the 
signal ? *’ 

** Alas ! ** replied Cuthl^rt, 
** the lire was not made by me, 
but by someone else, for what 
purpose 1 know not, but as soon 
as I saw it burning 1 knew that 
you would come over, tliiiiking 
it was your signal, and therefore 
I came down here to tell you how 
matters stood.'* 

Bruce now had many narrow 
escapes. There were traitors 
among the Scots, who tried to 
capture him fsr the reward that 
the English king offered. 

Tire men of Galloway, who 
were friends of the Red Comyn, 


w'ent across to an island off the 
coast tif Ireland with a few men, and 
so unlikely did it seem that he would 
ever again be able to make headw*ay 
against the Engli.sh, that he decided to 
go off to the Holy Ivatid and spend 
tbe rest of liis life fighting against the 
Saracens. Yet to do s<^ seemed to him 
like desertion of his country, and he 
knew not what decision to come to. 

Lying in his rough cabin and greatly 
perplexed by his thoughts, he happened 
to look up towards the roof and noticed 
a spider hanging by the end of a long 
thread which it had spun. It was en- 
deavouring to swing itself from one 
beam in the roof to another, so as to 


great swing on the thread and this 
time succeeded in reaching the opposite 
beam. It was like an inspiration to the 
dejected king. He suddenly became 
full of hope for tlie future, and there 
and tJien determined to renew his 
efforts to free his native land and rule 
as a real king. 

Gathering a few followers, he went 
across to the Isle of Arran in the 
mouth of the Clyde, and, landing, 
asked the first woman he met what 
armed men there were on the island. 
She replied that there was a body of 
armed strangers who had defeated tlie 
English governor of a castle and killed 


hearing that Bruce was in their 
country with only sixty men, got t(j- 
gethcr a band of 200 and, with several 
bloodhounds, pursued him. 

Bruce quartered his little troop by 
the side of a deep and swift-running 
river that had steep, rocky banks 
There was only one part by which the 
river could be crossed, and tliat was 
deep and narrow, so tliat the men had 
to pass in single file, while the ground 
on which they were to land on lie side 
where Bruce fay was steep and difficult. 
Bruce told his men to go half a mile 
distant and take some much-needed 
rest, while he watched the fo^. 
Presently he heard the baying of the 
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hounds, and then tibe approach of 
men. He dared not go back to rouse his 
followers, for the men of Galloway 
might pass the ford in safety, so 
sending a follower to awaken the men 
he remained alone on the bank of the 
river. 

Presently the enemy approached, 
and seeing only a sinfjlo man they 
crossed by the ford, but as fast as 
they tried to mount the bank Bruce 
killed them with his spear, and at last 
when liis followers came up. the men 
of Galloway retreated and gave up 
their enterprise. 

Gii another occasion, when a 
relative of the Red Comyn and 
his force were chasing Bruce. ' 

the King divided his men into 
three bands and coininanded 
them to retreat by difleront ’ 

ways, thinking that the foe | 

would not know which party to 
pursue. But the enemy had a 
bloodhound that had once j 

belonged to Robert Bruce him- 
self, and when they came to the | 
parting of the ways the dog 
followed the route that Bruce 
had taken. 

The King, realising that he 
was again pursued, told his fol- 
lowers to go in dilferent direc- 
tions, but again the bl(K>d hound 
followed Bruce, who was with 
a single follower, his foster 
brother. At length they came « 
to a wood through which ran a o™®® 
small river. Bruce said to his 
foster brother, ** I^t us wade down this 
stream for a great way, so that the 
hound may lose the .scent.*' They did 
so, and thus escaped for the time l^ing. 

Treaohery Round the Camp Fire 

Later on. the King and his foster 
broth(;r came upon three men who 
looked like thieves, in the midst of a 
forest. These men were armed and one 
of them bore a sheep on his back which 
he seemed to have stolen. Tlie men 


been called the Hammer of the Soots, 
and he ordered that his bones should 
be wrapped up in a bull's hide and 
carried at the head of the English 
army, for he thought that his very bones 
would terrify the Scots. His son, 
Edward the Second, however, did not 
execute this strange command, but 
buried his father in Westminster Abbey, 
where his tomb still l^ears the inscrip- 
tion in Latin “ Here lies the hammer 
of the Scottish nation." 

^ Bruce's work now became easier, for 
Edward tlie Second was no warrior, 
and the Scots lx?gfin to defeat the 








swung his pony aside and felled the English 

Etiglisli and recapture their castles. At 
last only Stirling Cystic remained in 
English hands, atid that was besieged 
by l^ruce's brother Edward. He made 
a bargain with the English commander. 
Sir Philip Mowbray, that the Scots 
should have the castle if within a year 
King Edward did not send an army and 
relieve it. 

Word was semt to England, and 
Edward the Second marched into 
Scotland with a large army, nearly 


for the morrow. Bruce went forward a 
little on a small pony, carrying only a 
battle-axe in his hand. He wanted to 
get a closer view of the English force. 

An English knight named Sir Henry 
de Bohun recogni.sed him by the 
golden coronet he wore on his helmet, 
and he thought that he would end the 
battle at one stroke by killing the 
Scotti.sh king. He therefore rushed 
forward on his charger with his spear 
ready couched, but as he drew near, 
Bruce, with his powerful arm, swung 
his pony aside and as do Bohun galloped 
by Bruco rose in his stirrups and with 
one blow of the battle-axe felled 
th<s English knight to tlie 
ground, killing him on the spot. 

The next morning the battle 
began by the English knights 
} ricling against the Scottish 
spearmen, but Bruce sent his 
mounted men against the 
luigUsh archers and soon they 
were all .slain or pul to flight. 
For hours the fight wont on, 
but the lilnglish on the un- 
favourable ground could not 
use their suix'rior forces to 
advantage. Their horses slipped 
in the pits, were maimed on the 
spikes, and many were slain. 

Still the result was in doubt, 
when suddenly over the distant 
hill a new army seemed to be 
coming to the help of the Scots, 
. . with banners flying and .spears 
glistening in the light. This was 
enough todiscouragethe English, 
who thereupon bcgai i to gi ve way . The 
Scottish S]^>earmen, seeing this, fought 
all the harder and soon the enemy was 
in flight in all directions. The English 
king himself had a narrow e-scaix;. and 
the victory was the most decisive the 
Scots have ever won over the English. 

An Imitation Army 

That new army coming to the aid of 
Bruce was merely a gathering of 
servants and camp-followers. So that 


saluted the King and when he asked 
where they were going they said they 
were seeking for Robert Bruce, in order 
to join him. But Bruce suspected the 
ruffians, and was on his guard. 

The she(*.p was cooked and after a 
meal had l^en eaten Robert and his 
brother, who were very tired, fell 
asleep. Thereupon the three villains 
rose and, drawing their swords, started 
up to kill the King and his brother, but 
the slight noise they made awakened 
Robert, who at once drew his sword and 
went to meet them. As he passed he 
pushed his foster brother with his foot, 
but the ruflians managed to kill him. 

The Kin^ was now alone against 
three, but his amazing strength and his 
good armour saved him, and be killed 
all three of theraflians one after another. 
Soon afterwards he came to a farm- 
house, and there he found loyal friends. 

And now something happened which 
was of great value to Bruce. The great 
Jt^nglish King, Edward the First, who 
had advano^ northward as far as 
Burgh-on-the-Sands, died, He had 


half of whom were horsemen. Bruce 
could not raise anything like so large a 
force, but what he lacrkod in men he 
made up in ability and generalship. 
The place where he arranged to fight 
was on the banks of a little stream 
called the Bannock Bum, some three 
miles south of Stirling Castle. Between 
the two armies there was some firm 
ground anil some boggy land. 

Thrilling Single Combat 

The English horsemen would not be 
able to ride across the bogs, and Bruce 
determined that they .should not easily 
cross the firm ground. He therefore 
secretly had pits dug all over this and 
then covered them with turf so that they 
might not be seen from the English 
camp. Then he scattered about the 
ground steel spikes known as caltrop.s, 
fio that the horses might be hindered as 
they came forward. 

When the English came up it was 
evening, and the battle was put off till 
the next day. The two armies, there- 
fore, lay in sight of each other, waiting 


they should not hamper the Sk'.ottish 
troops during the battle, Bruce had 
sent them behind the hill, but after 
hours of waiting they were anxious to 
see how the battle was going, and so, 
picking up any weapons and flags they 
could find, they came over the hill. 

The sight of this disorderly rabble 
deceived the English, who were thus 
driven out of Scotland and left that 
country free of invasion for many years. 

It has been .said that the battle of 
Bannockburn was the Vii'ginning of the 
end of feudal warfare, for in it the 
knights in armour, whose personal 
prowess had often gained the victory, 
gave place to the common soldiers, 
disciplined, marshalled, and led by 
skilful generals. In other words this 
famous battle was won, not by the 
knights but by the Tommies of the 
Scottish army, and so decisive was 
their victory that, though later on their 
country was invaded more than once, 
it was never again conquered. Bruce by 
his patience, perseverance and prowess 
freed his country and won his throne. 
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THE SUNDIAL ON THE SCHOOL WALL 



The sundial was the first instrument made for telling the time. Sundials may be horizontal or they may be placed vertically on a wall. 
In this picture we see a simple sundial that has been constructed on the wall of a village school at Partington, Yorkshire, and the teacher 
IS showing a cms how the sun casts the shadow of the projecting rod on the scale, indicating that it is ten minutes to two, Greenwich 
Time, or ten minutes to three, Summer Time. The scale has been continued down the wall so that the shadow may show both times 





THE WAY IN WHICH WE RECKON TIME 

Time is fixed by observing the or, more accurately, the stars. But for ordinary purposes of everyday 
lire we measure the passing of Time by our clocks and watches. The reckoning of Time is a fascinating 

subject, and here we learn how it is done 


A ll clocks and watches, if they are 
to be good timekoepors, must be 
set and kept right by the riiitural 
timekeeper, the Sun. It would take us 
t(Xi long, and we have not the delicate 
instruments necessary to do this for 
ours«*lves, and so we keep our clocks 
and watches right by making them 
agree with Big Hen, or the I'ime Signal. 
For the accuracy of these signals we 
have to thank the astronomers at 
Greenwich Observatory. 

As the Karth turns round on its axis 
iresh parts of it are continually coming 
into the Sun’s light, find so Time is 
(liiieront at different places. We know, 
for insUince, that when it is midday at 
Crrecnwich it is five hours earlier in 
New Vork, and more than 
live hours later in Madras. 

Hut this ditference of l ime 
applies not only to places far 
apart, but oven to those 
which are only a few miles 
apart. Thus Birmingham 
time is slow ol lx>ndoii time, 
lirislol slow of Hirmingliam, 
and Plymouth slow of Bristol 
.ind Dublin slow of Plymouth. 

On the other hand, Chatham 
time is fast of J.ondon, find 
Dover fast of Chatham. 

DIlQculties with Time 

Now it would lx: extremely 
inconvenient if whenever wc 
look a railway journey, say, 
from London to Idymouth, 
wc had to keep altering our 
watches at every place we 
came to. It would also be 
impossible for the railway 
companies to make out time 
tables that were of any use. 

To get over this diHiculty 
civilised man has invented a 
sj^stom of what are known as 
J ime Zones ; that is, most 
countries arrange that all 
places within that particular 
country shall use the same 
'i'iine. For instance, throiigliout Great 
Britain wc all set our clocks by Green- 
wich Time, and when vre say it is one 
o’clock at Greenwich we know that 
it is also reckoned as one o'clock at 
1 )over and at Bristol and at Plymouth. 

A great countiy like the United 
Stales or Canada is unable to do this, 
because the country is so wide cind 
tliere are so many hours* difference 
between sunrise at, say. New York 
and sunrise at San Francisco that it 
would be ridiculous to have the same 
time for the whole country. In such a 
case the difficulty is got over by divid- 


ing a large country into so many zones, 
and each particular zone has its own 
'J'iine. Also, for the sake of conveni- 
ence, the rest of the world is divided 
into Time Zones, so that often several 
countries have the same Time. 

F<ir instance, some of the countries 
in Wcsieni ICurope and a large part of 
Africa have Greenwich Time. There 
is another great zone farther east, which 
includes the Scandinavian countries, 
Germany, Italy and a large part of 
Africa, wliich has another Time, all the 
places in that zone keeping the same 
time : and so it goes on. 

Tlie map on the next page shows the 
various Time Zones lUid also the Date 
Line, where every day and year begins. 


Tliis Date Line is explained later on. 
The Time observed in all these zoue.s 
is called Standard Time, and it is based 
on Greenwich, varying from Greenwich 
Time only by hours and lialf-hours, and 
not by odd fractions. 

But what do ships at st'a do ? Well, 
matters arc made simple for them. In 
addition to the irregular zones for 
land areas already mentioned, the whole 
Eartli is divided up into 24 equal zones 
of 15 degrees each, and these correspond 
with the 24 hours of the day. All ship-i 
at sea observe tlie Time of these 24 
Time Zones. It is only on land that 


the zones have to be varied and made 
irregular so as to link up certain areas 
which must for obvious reasons observe 
the same Time. 

But there is S(.)mcthing more we 
must learn about lime. We all know 
that as soon as Big Ben begins to chime 
midnight the day has ended and wc at 
once enter the new day. Similarly 
wlien midnight chimes on the night of 
December 31st the next moment a new 
year begins for us. Hut the New Year 
does not begin at l.he same moment for 
everybody, because day and night arc 
caused by the rapid rotation of the 
ICarth on its axis. As it turns round 
from west to east diffcn'iit places keep 
coming in turn into the sun's light. 

On one occasion the British 
Broadcasting Coloration diil 
an interesting thing at the be- 
ginning of the New Year. 
Vtarious broadcasting stations 
in different parts of the world 
were linked up and we could 
hear the clocks strike twelve 
in these different cities, one 
after another at intervals. 

Following the New Year 

In some cases we heard 
twelve strike when our clocks 
had only just turned eleven, 
cuid in other cases after our 
clocks had struck tlie mid- 
night and wc had entered 
upon the New Year, we heard 
tlie clocks ushering in the 
New Year elsewhere, long 
after ours had begun. 

Hut while it is perfectly 
true that the day and the 
year Ix^gin in different parts 
of the world at different 
times, it is obvious that each 
day and each year must be 
reckoned as beginning at 
some particular part of the 
liarlh's surface. 

C)f course, as day follows 
day we might say a new day 
first dawns "at any particular place. 
The whole world, for instance, miglit 
arrange to say that January 1st starts 
at the Meridian of OrccnwMch, that is, 
the line running from the North Pole to 
the South Pole through Greenwich. Or 
it might be said that January 1st and 
e\'cry other day first begins on the 
Meridian of New York or San Francisco 
or Pekin or C'alcutta. 

On the otlier hand, the nations might 
be a little jealous of one another, and 
each say that the day first began in its 
own country. But that would lead to 
terrible confusion. 



The International Date Line on the other side of the world where 
every day and every year begins 
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WONDERS OF LAND AND WATER 


In these days, when all the nations 
are so linked together and when tlie 
whole world depends for its very 
existence upon international trade, it 
would lead to chacjs, if we could not 
agroe as to the part of the Earth in 
which the day and the year begin. 

The nations have come to an agree- 
ment on this point, and for the sake of 
convenience it has been decided that 
the New Year and eve^ new day shall 
be reckoned as beginning on the other 
side of the world, on a zig?;«'ig line tJiat 
runs down the ICarth from the North 
Pole to tlie South Pole. This is called 
the International Date Line. 

Originally the jSotli meridian of 
longitude was seler.ted as being most 
convenient, because in its imaginary 
passage from north to south it touched 
less land than anv other meridian in 


witli Siberia. Next it turns west again, 
so tliat the whole of the Aleutian 
Islands may be on the same side of the 
line and have the same date as one 
another and as the United States, to 
which they l>elong. 

After this it turns back again to the 
east and follows the i8otn meridian 
smith for many mile.s, as there is 
practically no land of any importance 
that need be considered. But south 
of the Equator the Date Line again 
takes a turn eastw^ird to include all the 
h'iji and Tonga Islands on the vrest 
side, and thus give them the same date 
as one another and as New Zealand, 
witli which they are linked. It then 
returns to the west and coniiiuies along 
the iSoth meridian to the South Pole. 

This agreement about a ]>atc Line 
wliere each new day and year may be 


would find that there, was' a, day's 
difference In their tenoning. . l:t is 
clear, therefore, that, sh^ imist adjust 
their clocks and calendars. 

Another strange thing that might 
happen to a man in a . ship steaming 
across the Date Line at the dawn of a 
New Year is this ; he might lie down 
as the ship crossed the Line,, and lor a 
moment have one . half of his body 
living in the Old Year and the other 
half m the New Year. 

Another question may be asked about 
the New Year : Why does it begin on 
January 1st ? Well, there is no reason 
why it should begin on tliU particular 
date, and indeed it did not always do 
so, nor does it do so in all lands t(»*day. 
In Anglo-Saxon England December 
25th, C'.hristmas Day, was also New 
N'oar's Day. When William the Con- 
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A map showing the various zones in each of which time is everywhere reckoned the same by agreement. France and Spain, for example, 
keep Greenwich Time, as indicated by the G. The figures west and east of Greenwich show hours fast or slow ofGreenwich Time 


the world, and .so tlie great inconveni- 
ence was avoided of having numbers of 
people living close together being some 
in one day or year and others in another 
day or year. 

j'his inconvenience, however, is not 
altogetlier iivoidcd by selecting the 
iSotli meridian, for it cuts through the 
Aleutian Islands and Fiji. Obviously, 
it would lx; a nuisance to have the 
people who dwell in these places living 
some in one day and some in another, 
so to get over the difficulty the Date 
Line is varied a little and made zigzag. 

It first of all takes a turn, for instance, 
to the west to include Wrangel Island 
with Ahaska. Then it turns cast as 
to include the Ka.st Cape Peninsula 


reckoned as beginning is very convenient 
for mariners as well as for those who 
live on land. Ships going east and 
west always adjust their clocks and 
calendars as tliey cross Uiis line. This 
is, of course, necessary, or in the 
course of time they would be hopelessly 
out in their reckoning. 

A very strange thing may happen to 
ships in this part of the world. Suppose, 
for example, two vessels start from 
London and w^hile one steams east, the 
other steams west. When they meet 
at the Date Line the one sailing east- 
ward will be twelve hours in advance 
of time, while the one sailing westward 
will be twelve hours behind time. If 
the two captains compared note.^ they 


queror came he ordered that the New 
Year should start on January 1st, 
because that was tlie day arranged for 
his coronation. Later on England 
decided that in common with the rest 
of Christendom the New Year should 
begin on March 25th, and that was our 
New Year’s Day right down to 1752. 

Pope Gregory XIII reformed the 
calendar in 1582 and made the New 
Year begin on January ist instead of 
March 25111, but England, being 
Protestant, would not adopt this new 
calendar for a very long time. In 
1752, however, the change was made 
in England, and it was decided that the 
New Year should henceforth begin on 
January ist instead of March 25th. 
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Every minute 167 million gallons of water crash over the limestone precipice at Niagara and fall 155 feet into the river below. As the 
water falls it generates many millions of horse-power, and men, realising that so much power was going to waste, have haniened about 
lour million horse-power to generate electric tii^t and work machinery over hundreds of square miles. How is all this power produced 
at Niagara ? This picture explains the matter. It is the Sun that works Niagara Falls. Its rays fall upon the ocean, warming the 
surface, so that evaporation is constantly going on, and the water vapour, being light, rises. The winds carry it till it reaches a cooler 
region where It is condensed into particles of water, forming clouds. Then, when the clouds get too heavy to float in the 1^, they fall 
as rain. The water runs into the river-bed, where it flows towards the sea, pouring over the precipice at Niagara on its way 








Only twice has the shade temperature in the British Isles risen to too degrees Fahrenheit, and that was on July Z5th, i88i, and August gth 
191 1. But in other parts of the world far higher temperatures are recorded. These very high temperatures do not occur on or near the 
Equator. The highest shade temperature ever recorded is 134 degrees Fahrenheit, and this was on July loth, 1913, at Greenland Ranch, 
in the Death Valley, Southern California. The name Greenland was given not as a joke, but because of the green alfalfa which flourishes 

there. Death Valley is a wide arid area 276 feet below sea level 



In contrast to the above picture here is the coldest spot in the world. It is not at the North Pole, but very far from it. The place is 
known as Verkhoyansk and it is in Northern Siberia. There, on January 15, 1885, the Fahrenheit thermometer registered a temperature 
of -90.4 degrees or over 122 degrees of frost. It is difficult for those who live in the Temperate Zone to realise what such cold means 
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WHY A VIOLIN MAKES BEAUTIFUL MUSIC 

Eve^body loves to hear a good violin played well. Its music is the nearest thing to the human voice that can be 
produced. Ind^d, it simulates every effect of the voice except that of articulate speech. The violin is really 
a very wonderful instrument, and in these pages we read some exceedingly interesting facts about it 


T here are some people who think 
that a violin is a very simple sort 
of instrument, that it consists 
merely of a kind of box with a handle 
and a few strings which can bo screwed 
uptight, and that to produce the music 
all that one has to do is to draw a bow 
across the strings. 

Of course, as a rough description of 
a violin this is quite true, but a violin 
is by no means such a simple iiislru- 
ment as the description would suggest 
To produce beautiful music it has to 
bo m.ulc very carefully indeed of the 
right kinds of material, and any mistake 
or carelessness in its construction will 
spoil the tone and indeed ju'event it 
giving really musical sounds at all So 
important is it that tlie violin should 
1 k‘ matle in the right proj^ortions and 
of the right materials, that even the 
varnish w'hich covers the w'ood makes 
all the difference in the w'orld, 

A Great Maker of Violins 

There w'as a < levcr maker of violins 
named Antonins Stradivavius who lived 
at ('remona in Italy in the seventeenth 
rind eighteenth cotduries, and mad<.* tluj 
most nuirvellous violins that the world 
has ever seen. They are called Stradi- 
v.irius vi<»lins after their maker, or for 
short, “ St rads.” 

A genuine Strad violin to-day, when 
put up for sale, realises thousands of 
jioniKls, and no violins tliat have* been 
maile since have ever been able t<j 
jiroduce such marvellous music as 
these. Stradivarius was a pupil of 
another famous violin maker, Nictilo 
Amati, also of Cremona, and he, too, 
inafle wonderful violins that to-day are 
worth large sums of money. 

The Secret of the Varnish 

Now. during the last two hundred 
years men of all kinds — violin makers, 
scientists, and so on — have studied and 
<‘xamincd Strad violins to sec if they 
< ould discover the secret of their lovely 
tone, and many of them have come to 
the conclusion that the secret really 
lies in the nature of the varnish that 
Stradivarius used to poli.sh his wood. 
1 f so, it is a truly wonderful thing that 
the tone of a violin should be so im- 
proved by the mere composition of the 
varnish on its^outside. 

But let us see exactly what a violin 
is. Probably many people will l>e 
astonished to learn that a violin con- 
sists of seventy different parts, all of 
them, except the strings and the loop 
that holds the tail-piece to which the 
strings are fastened, being of wood. 


The wood used in the making of the 
violin is not all of one. kind. There arc 
fit Icjast throe sorts — maple or sycamore 
for the lower plate or back. ’ handle, 
ribs and bridge ; ebony for the linger- 
board, nut, screw's, tail-piect^, and the 
button at the bottom round wdiich the 
loop is fixed : and pine for the U])ptM- 
plate or belly, sound bar, blocks, 



Not many people know that the shape of 
the violin is based on the human form. It 
has a head, a neck, a body, a back, ribs, 
and a waist. Tliis fanciful picture shows 
the similarity of the 6ddie or violin to the 
human form in general design 

linings and sound post. What these 
various parts are we shall soon explain 

Swiss pine is said to be the best wood 
of its kind for the upper plate and w'as 
preferred by the old Italian makers. 
This is on account of its low' density 
wliich enables the sounds to be trans- 
mitted rapidly. 

It is important that the wix)d u.scd 
for a violin should be in the right con- 
dition anil for this to be the case the 
tree must have been cut down at least 


five or six years so that the wood is 
well seasoned. On the other hand, the 
wood must not be so old as to have lost 
its elasticity, for a groat deal of the 
success of the violin depends upon the 
wood being clastic. 

Kveii the grain is important, and in 
the case'- of the maple and pine there 
should be a fairly wide and perfectly 
straight grain. Anything like knots in 
the wood render it useless for violin 
making ('urves in the grain also spoil 
the violin, as they make the vibrations 
uneven wlien the violin is being played 

Copying the Old Masters 

I'lie low’cr plate is sometimes made 
f>iit of a single ]>iecc of wciod. but as tliis 
is rather w'a.stefiil two pieces are usually 
glued together to form the back. Mow- 
cv(*r, the upper plate is practically 
filways in one piece. In making the 
halves for the back they arc not cut to 
the same thickness throughout Each 
has a thick and a thin edge and it is 
the thick edges which are planed per- 
fectly smooth and then glued together 
so that the thicker part mav come in 
the middle of the violin and the thin 
edges at the outside. 

Most modern makers of violins gener- 
ally copy the designs of Stradivarius or 
some other famous old fiddle maker, 
and it is a fact that the violin is the 
only musical instniment which has not 
lor more tlian throe centuries changed 
its shape or form 

The Parts of a Violin 

The upper and lower plates are con- 
nected together by mean.s of sides or 
ribs in six pieces and bent to the re- 
quired form by means of a heated iron, 
and there are triangular blocks at the 
angles, at the top and bottom and also 
along the scam of the back. Then 
there are linings to the sides in twtdve 
pieces, and a beading or purfling partly 
of ebony and partly of maple running 
round the edges of the upper and lower 
plates. This is in twenty-four pieces. 

Inside, between the two plates, there 
is a bar of wood, elliptical in form, 
known as a base or sound bar, and this 
is fixed down the length of the violin 
and a little on one side of the centre line 
to strengthen the instrument. 

'I'he upper plate is pierced on each 
side at its narrowest part with two 
(-shaped openings which are called 
” sound hole.s ” or sometimes ” / 
holes.” Between the / holes is placed a 
bridge, a small piece of wood with two 
feet and perforated to make it elastic, 
and this serves as a support to the 
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The four strings of a vioHn are tuned to four notes. Other notes are obtained by ** stopping the strings, that is, by pressing upon them 
with the fingers to shorten or lengthen the part vibrated by the bow, as we see the great master Kubelik doing in the left-hand picture. 
In order to tune the strings before he begins playing, the violinist tightens or loosens them by turning the pegs at the neck of the violin, 

as Kreisler, the famous violinist, is doing in the right-hand picture 



The violin is played with a bow, a long wooden wand on which are stretched strands of horsehair. These are rubbed over with rosin 
(that is resin) to make them rough. They are then drawn across the strings of the violin, and the IHctlon between the particles of rosin 
and the strings of the violin set those strings vibrating and the vibrations cause waves in the air which produce the sounds of music 
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strings, of which there are four. The 
bridge has notches to keep the strings 
from slipping and it is curved so that 
the strings are not in one plane and 
can therefore be played inaividually. 
They are attached at one end to a tail- 
piece which, in turn, is fastened to the 
lowest part of the violin’s sides or ribs, 
by a loop and button. The tail-piece 
has four holes in it through which the 
strings arc passed and fixed by knots. 
At the other end the strings rest on a 
little nut or raised t>ar of ebony and 
then enter the hollow part of the 
violin’s head or handle and are wound 
round pegs. 

Between the nut and the bridge ot 
the violm the strings pass over a con- 
vex strip of ebony known as the finger 
board, which is glued to the neck and 


system *' ot the violin. By altering 
the position of the sound post the tone 
of the violin can be made more mellow 
or more intense though, of course, a 
badly constructed violin can never be 
made into a good instrument merely 
by a sound post 

Catgut nothing to do with cats 

The head of the violin, that is the 
part where the strings arc wound round 
the screws or pegs, is carved into the 
shape of a volute or spiral scroll, which 
has a double groove on its back. The 
cutting of this is a very dilficult and 
delicate piece of work. 

There are four strings to a violin 
which arc made of so called catgut. 
Of course, most of us know that catgut 
has nothing to do with the cat. l*os- 


and third strings are thicker, and the 
fourth, which is thickest of all. is 
covered with wire so as to give a 
penetrating and metallic tone 

There are several kinds of covered 
strings. Those with silver wire are 
very durable and have a soft tone. 
They are much used on old instru- 
ments. Others are covered wit h copper 
or copper-plated wire, and these give 
a more powerful sound, while the 
covering of ollusrs is of mixed wire. 

Violins are very much like human 
beings ; they have a piirsonality and 
no two instruments are quite aHke. 
They cannot, therefore, l)e strung hap- 
hazard, but each violin must be 
studied and known in ordfT that it 
may be fitted properly with the kind 
of strings that will give the l)est results. 
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A violin seen from various points of view, with its different parts named. The instrument is anything but simple in its construction, 
for there are no fewer than seventy different parts, and at least three kinds of wood are used in its making. The sound post is partly 
for strength and partly to regulate the sound. It has been called ** the nervous system of the violin '* 


projects over the upper plate of the 
instrument without touching it. 

Finally, there is one other part of 
the violin not seen from the outside, 
which is of very great importance, 
although it is not very large. It is 
known as the sound post, and consi.sts 
of a cylindrical piece of wood fixed 
vertically so as to connect the upper 
and lower plates of tlie violin. 

It serves two purposes. For one 
thing, it gives strength to the violin, 
and being placed beneath the treble or 
right foot of the bridge, helps to sup- 
port the bridge. In the earliest violins 
one foot of the bridge was lengthened 
and passsed through the upper plate and 
rested on the back, but that idea soon 
gave place to a separate sound post. 

Then the sound post regulates the 
pulsations of sound in the violin, and 
has been described as the ” nervous 


sibly in very early days strings may 
have been made of material from the 
inside of the cat, although there is no 
proof of this. The mistake of calling 
the strings catgut, however, goes on. 
A more likely explanation of the word 
is that it was originally kit-gut, 
meaning gut for a kit or small fiddle 
used by dancing masters. 

The different kinds of strings 

The strings are really made from the 
intestines of the sheep or goat, gener- 
ally of the former. The best and 
strongest qualities arc from the lamb. 
Strings are .sometimes made from nylon. 

The strings are of equal length, but 
vary in thickness. The first string, 
which is tlie smallest, is on the right 
side of the finger board as the violin 
is held for playing, and is spun from a 
few fine threads of catgut. The second 


By turning the pegs, round which 
the strings are wound, tension is given 
to the strings, and it is in this way 
that the instrument is tuned. Of 
course, the strain on tlie strings when 
they arc drawn tight is very great, and 
were it not for the sound bar and the 
sound post inside, the upper plate 
would collapse owing to the pressure 
of the bridge upon it. 

When the violin has been tuned the 
player holds the instrument between 
nis chin and left collar-bone, resting 
the neck of the instrument in his left 
hand in such a way that the fingers 
can be placed easily on the strings at 
various distances from the nut. 

The violin is played with a device 
known as a bow, so called because* 
originally it was shaped like the bow 
with which we shoot arrows. It now 
consists of a wand of Brazilian lance* 
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wood or snake-wood from South 
America, and in its making there are 
also used ivory from Africa or India, 
mother-of-pearl from G?ylon, gold from 
South Africa or silver from America, 
and hair from a horse's tail, preferably 
a stallion's, as being stronger. 

A gre^at deal depends upon the con- 
struction of the bow and the material 
from which it is made, and this there- 
fore has to be selected very carefully. 
It Ls said that the proportion of horse 
hairs which are .suibable for a violin 
bow are not more than ten per cent, of 
the total number of hairs produced. 

The Bow of Many Hairs 

From 150 to 200 hairs are used in 
a bow At the top of the stick or 
wand and forming a part of it, is a 
block or head sometimes called the 
throat, and by others the neck, ot the 
bow This is generally shaped as 
shown ill the picture of a bow. I'liit 
the shape is not always exactly the 
.same. 

The stick is curved by means of dry 
heat. At the bottom is a block which 
-can be m<Jvod slowiy up or down by 
ineaii-s of a nut. The hairs are fixed 
in the throat or neck like a ribbon, 
and tlien stretched tightly, the otlier 
ends being attached firmly to the 
moving block below. They are drawn 
tight by means of the nut. 

The hairs are then resined and the 
violin is played by drawing this bow 
across the strings,' vibrating them so 
that they set up waves in the air and 
cause musical sounds. The different 
notes are obtained by the player 
pressing the lingers oi his left hand on 
the strings at various points. In this 
way tile playing or viliratory part of 
each string is made longer or shorter. 

But sometimes the strings are struck 
with the wood of the bow to give a 


drum-like effect, and at other times the 
strings are plucked with the ffngers, 
the effect being something like that of 
a guitar. 

It is interesting to know why the 
hairs of the bow are resined. Horse 
hair, examined through a microscope, 
is seen to have its surface covered with 
minute scales which, in the ordinary 
way, lie close to the shaft of the hair 
When, however, resin is rubbed along 
the hair small particles of it get fixed 
under the scales causing them to stand 
up .so that the hair is something like 
a very tine fretsaw with tiny teeth 
along its length. It is these erected 
scales passing along the string of the 
violin when the l)Ow is drawn across it 
that act as so many little plectra and 
give a scries of rapid shocks producing 
the sustained sound which we know so 
well in violin playing. 

The Need for Resin 

A bow that lias not been resined 
pro<luces no sound, for instead oi giving 
a series of shocks to the violin string it 
merely exerts continuous pressure and 
prevents any vibration at all. There 
are ivory faces on the throat or neck 
of the bow, and metal is used not only 
for ornamentation but for tlie weighting 
of the flow The mothcr-of-pearl is 
purely for ornament. 

It is interesting to realise that all 
three kingdoms, the animal, the vege- 
table. and the mineral, have contri- 
buted tlieir parts to produce a violin 
bow. 

The length of a violin is fixed by the 
length of tlie average human arm Iwiit 
at a convenient angle, and the length 
of the handle or neck is determined by 
tlie space that the human hand can 
cover with the fingers. The curious 
sha|)f; of the violin body, with its curves 
going in on cither side, is for the pur- 


pose of allowing the player to draw the 
whole bow easily across any of the 
strings. If there were not these curves 
the bow could not pass right down the 
outside strings on either side. 

It might be thought that a long, 
narrow sound box uniform in width 
the whole way would be suitable. 
This would enable the bow to be used 
properly, but owing to the length of 
the sound box the tone would be 
spoiled. Kverything, indeed, in a 
violin has been thought out most care- 
fully, and is the result of years of 
experience. 

How the Sound Gomes 

When the violin is played the strings 
are vibrated. I'he vibration is com- 
municated to the upper plate of the 
violin by means of the bridge, and is 
then passed on to the under plate by 
the sound post. In this way the sound 
is greatly increased and comes out into 
llie air by means of the /-.shaped holes 
in the upper plate. 

The violin, with its near relations the 
violti, violoncello and double bass, all 
of which arc constructed on the same 
principle, is the must im|>ortant of all 
the instruments in an orchestra, as can 
be seen in the list of instruments in a 
really large orchestra. At one of the 
Handel Festivals, for instance, the 
band consisted of 93 first violins, 72 
second violins, 56 violas, 58 violoncellos, 
57 double basses, or a total of 330 
stringed instruments of the violin 
family, while other instruments formed 
a very small part of the 'band. *rhere 
were only 33 wood -wind instruments, 38 
brass instruments, and 8 drums, making 
a total of 415 instruments altogether. 

The next time we see the violin l>eiiig 
played it will be worth wliilc to remem- 
ber what a marvellous iiiKtrument it is 
and what a romantic history it has had. 


A TOY THAT TEACHES A SCIENTIFIC PRINCIPLE 


W E have read a gocxl deal in this book 
about centrifugal force, and what 
it docs. The force is explained fully 
in llic .section that begins on page 61, and 
we understand that when a Ixxly is whirling 
round, anything that may be loose on its 
surface will be hurled off at a tangent, that 
is. in a straight line from the ci re 11 inference. 

Tlic toy that is shown in the pictures 
below is a very interesting object lesson in 
centrifugal force. 

hi a small enclosed case of the shape 
shown, with a glass top and sides, are two 
small rnctal balls, and these are free to move 
anywhere inside the case. At the bottom of 
the case is a raised division separating 
the curved part into two equal halves, and 


this division runs right across the rase. 
At each end of the curve near the glass 
cover, and to one side, is a small recess 
large enough to hold a ball. The problem 
is to place the two balls in the two 
recxisses. 

A person who does not understand the 
toy, at once tries to manage the business 
in the way shown in 

the middle pic- ture, that is, 

by getting one ball in first 

and then by very care- 
fully tilting ^ the case to 
get the \ second ball 

into its j r e c e s s , 

without /ir 1 'blowing 


the first one to fall out. Of course, such 
a manoeuvre is quite useless. The ball 
already in always comes out when the case 
is tilted. 

The person who understands the little 
apparatus does not go to work in this way 

Knowing the principle of centrifugal 
force, he simply takes the little case in his 
two hands and spins it round rapidly on the 
table like a top. At once, moved by 
centrifugal force, the two balls try to fly 
off. but as they cannot get out of the 
case they fly into the litffc recesses, and 
when the spinning case comes to a standstill 
they are both in the right positions. 



This little toy is an excellent teacher of science, for it shows in a veiy striking way the principle of centrifugal force. The two balls seen 
in the first picture have to be placed in the two recesses, one on each side. This cannot possibly be done by careful balandn|, as in the 
second picture, for when trying to put the second ball in its recess, the first hall slips out. The task is accomplished by spinning the case 

rapidly, when the balls rush into their respective places by centrifugal force 
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FLOW STOPPED 
BY SHADOW 





'Tht Cathode 
Stiver Plate 
Cooled with 
Cdtsfum 



//ere we see how a photo-electric cell 
protects the operator of a potver 
guillotine from injury when the 
falling knife cuts through steel sheets. 
Lamps in the post A shine a beam of 
light onto a photo electric ceil in the 
post /?. If the operator inoves too 
near the machine, as at D, he inter- 
rupts the light beam and the electric 
current passing through the cell is cut , 
off, 2'his applies a magnetic brake 
in the box C, attd stops the machine. 
Exactly the same principle is used to 
protect the contents of jewellers' shop 
windows. Lights mounted on one side 
of the window shiite on photo-electric 
cells through which a current passes 
to energise a magnet holding a brake 
OH the release mechanism of a roller 
shuUer, If smash and grab thieves 
throw anything through the window, the 
light is interrupted, cutting off the cur- 
rent to the brake, which then releases 
the shutter to faU across the window. 
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In its most simple form, a photo-electric cell consists of a silver plate coated with caesium (called the cathode) and a loop of wire (called 
the anode) which are placed in a vacuum tube like that of a radio valve. Both are connected externally to a source of electric supply, 
but because of the empty space between them no current can pass from anode to cathode. lf» however, a light shines on the cathode, 
electrons are released from it and a current will flow from one to the other. If the light is interrupted, the path is broken and the 
current stops. This phenomenon is used for the automatic control of a variety of devices, two of which are illustrated above 





EXPERIMENTS WITH SULPHUR AND LIME WATER 


T herk are many interesting experi 
ments we can perform at home 
with sulphur. This element 
takes various forms, as we shall see. 

First of all, let us take a small 
quantity of the ordinary roll sulphur 
which is in the form of a hard stick. 
We crush the sulphur to a powder and 
put it in a test-tube. Then, l>y means of 
a holder which we can make for our- 



and become what is known as plastic 
sulphur, an clastic substance which 
can l>e bent like india-rubber. 

Lot us take some of this plastic 
sulphur and leave it for a few days 
exf^sed to the air. When we come to 
it we shall find that it has changed 
once more to ordinary sulphur. 

Next let us try mi experiment which 
will result in our making a chemical 
compound out of chemical elements. 
We put a little |)owdered roll .sulphur 
in a test-tube with a few cop|ier 
filings or turnings on top and then 
hold the test-tube in the dame of a 
gas-ring. At once the heat causc.s 


Roll sulphur heated over a gas-ring be- 
comes amber-coloured, but when poured 
into cold water returns to its original form 

selves by twisting a piece ol wire, we 
hold the test-tube in tlu; flame of a gas- 
ring. 

The sulphur melts, and is no longer 
the light yellow of its roll form, but 
becomes dark, like amber. While it 
is melted at this stage let us pour a 
little into a tumbler of cold W'ater. The 
sulphur at once cools and turns into 
ordinary sulphur again. 

Now let us hold the te.st-tube in the 
ilaiiie of the gas-ring once more. Tt gets 




The hand dipped into water keeps dry 

certain physical changes to take place 
in the sulphur and the copper. The 
sulphur melts, becomes dark, anil boils, 
and the copper turnings also melt. 

But these physical changes are not 
the only ones that occur. A chemical 
change also takes place, for if we 
remove the test-tube and, after it is cold, 
break it, w^e shall take from it a black 
substance and find neither sulphur 


When more heat is applied the sulphur be- 
comes too thick to pour, but if heated still 
further it gets thin and gives off vapour 

darker mid darker and assumes the 
consistency of thick treacle, so that 
if we turn the test-tube uj>si(lc-down 
the sulphur will not run out. 

Wc continue the heating and, curi- 
ously enough, the sulphur becomes 
thill once more, and soon it begins to 
boil, when it giv(?s off a vapour of an 
orange colour and then cools into a 
fine powder which we call flowers of 
sulphur. If some of the boiling sulphur 
be poured from the test-tube into cold 
water it will undergo another change 



plctely. Through the cork we stick a 
wire and on the end of the wire tie 
some coloured flowers and ribbons. 
Then we place in the liottom of the jar 
a small dish of burning sulphur. When 
the sulfur is in position we cork up the 
jar. The fumes from the burning 
sulphur are sulphur-dioxide gas. a 
chemical compound formed by the 
oxygen of the air in the jar combining 



When sulphur and copper turnings are 
heated together a black compound results 
known as copper-sulphide 

with the siilpliur. under the action of 
heat. These fumes have the pow'er of 
bleaching the flowers and ribbons. 
Now for a change li‘t us do two 
ex]>eriments not connected with sul- 
phur. We are going to be able to dip 
our hand into w.ater without wetting it. 
We get at the chemist's a small quan- 
tity of lycopodium powder, which 
consists of the spores of a fungus 
This powder we rub well over our hand 
Ixjforc plunging it into the water. 
Now when we dip our hand into the 



The clear lime water that becomes milky 

nor copper. The black matter is the 
chemical compound copper-sulphide. 

Still another interesting experiment 
with sulphur will help us to do a little 
bleaching. We take a glass jam-jar 
and find a cork that will seal it com- 


The fumes from burning sulphur in a closed 
jam-jar will bleach coloured flowers 

fluid we find it comes out quite dry, 
because there is no cohesion bctweiMi 
the lycopodium powder covering oui 
hands and the particles of water. 

The final experiment is to prove that 
there is carbon-dioxide g«^s in the 
atmosphere of a room in which people 
are breathing. We put a saucer ol 
clear lime water on the floor. In a 
short time it is no longer clear, but has 
become milky. The carbon-dioxide in 
the air has changed the lime of the linie 
water into chalk, giving .the milky 
appearance. 
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THE MARVELLOUS ROMANCE OF THE FIG 


The fig does not seem a very romantic object, but In all the annals of plant life there is no greater romance than 
the life story of a fig, and here we read how the great secret of fig culture was discovered by men of science 


W HKN you eat a dried fig arid find 
it pleasant you little realise the 
romance that centres round it. 
For there seems nothing very romantic 
about a box of figs, yet the life story of 
the fig you eat is one of the great 
wonder stories of Nature. 

'fhe figs we eat are known as Smyrna 
figs, though they arc not all grown in or 
around Smyrna. They often come from 
California and from various Mediter- 
ranean countries. Ibit they are called 
Sm\Tiia figs to disting ui.sh them from 
wiki or raprifigs. The name caprifig 
m(;ans “ goat fig,’* and Wets given 
because the goats of the East feed on 
the wild fig plant. 

Now from very ancient times it has 
been known that gfK)d ripe figs of an 
<*xcellent flavour were only found on 
the Smyrna fig tn'os when tliere were 
xaprifigs growing in the same places. 
Nobody knew why tliis was. although 
it wius believed thiit a little insect that 
used to he seen coming out of the 
cajinligs had something to do with it. 
'Phis insect, which is really a little 


wasp, had been seen to make its way 
into the Smyrna figs hanging on the 
cultivated trees, and it was thought 
that for these to come to maturity it 
was necessary that they should be per- 
forated by the little wasp. There was 
truth in tliLs, but why. no one could say 
until quite recently, when patient men 
of science found out the whole story. 

A Mysterious Custom 

Though they did not know the reason 
for the fact, fig growers in the ICast 
always carried out what was described 
liy the term *' caprificalion.” This con- 
sisted in cutting off branches of the 
wild fig trees containing caprifigs and 
tying them above the branches of the 
cultivated fig trees iK'aring Smyrna figs. 
Something mysterious then happened, 
and beautiful lusc ious figs resulted on 
the Smyrna fig trees, which could be 
ciiten fresh, or dried in the sun and kept 
for future food supplies. 

Now some years ago a number of 
busine.ss men iii America, realising that 
large quantities of dried Smyrna figs 


were imported into the United States 
from the East, thought that it w'ould be 
a good idea, as they had such a fine rich 
fruit-growing .soil and climate in Cali- 
fornia, to grow their ow'n figs. They 
therefore imported some trees and 
planted them. In clue course figs ap- 
Jieared, but they were wretched little 
things and would not dry properly. 
I'liey had no flavour, and dropped off 
the trees. 

“ Ah," thought the biisinc.ss men, 
" the trees we imported were of poor 
stock. We must get better trees." So 
tliey sent away to the Ea.st and ob- 
tained fresh plants. 

'rhose who went to the East learnt 
the curious idea which the natives had 
that it was necessary to suspend over 
the Smyrna figs, when they appeared, 
branches of caprifigs in order that the 
edible figs might be. large and luscious. 
They therefore took with them to 
California some caprifig plants, and 
these were planted in the same orchards 
as the Smyrna figs. Still only little figs 
api)eared, withered and dropped off. 








ho^a little wasp gives us luscious figs 



wUd fig. This fertiKsation is carted^fe « liSf Smyrna or edible fig be fertiUs^ ^ oJSSIhL, ^ ****? *?“«• *•*»«■ *® Vnduct 

-oaprrfigs to spend the Winter. 
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WONDERS OF ANIMAL AND PLANT LIFE 


Tbe matter was investigated, and 
soon it was decided to msike an experi- 
ment. Pollen was taken from the capri- 
fig flowers and placed in some of the 
Smyrna figs. These at once showed a 
remarkable change. They developed 
and became fine and luscious fruits. 

Here, then, was the beginning of an 
explanation. In the next season more 
Smyrna figs had pollen placed in them 
from caprifig blossonLs by means of 
little glass tmies, and they also ripened 
and became fine fruits. 

It wa.s obvious, however, that if 
large crops of good figs were to be pro- 
duced in California it would be far too 
costly to pollinate every one by hand 
from a wild-fig blossom. There must be 
some natural way by which the pollen 
from the wild figs which seemed to be 
so necessaiy for the development of the 
Smyrna figs could enter the latter 
Mon of science became very interested, 
and it was not long before they found 
out the whole romance of the fig. 

It seems that the wild or caprifig 
plafits have three crops, one coming in 
spring, smother in summer and the la.st 
in autumn. The autumn caprifigs 
remain on the tree all the winter. 

Now little wasjis enter tbe autumn 
caprifigs and live inside them all 
through the winter months Then when 
spring comes round once again they 
conic out. and finding the new spring 
caprifigs on the tree they make their 
way into these and lay eggs. ‘Fhen they 
die, but after a time fresh wasps hatch 


out ot the eggs inside the spring capri- 
figs, and these soon come out. 

But before going on any farther 
with the story we must explain the 
make-up of the fig flower. Some of us 
have fig trees in our gardens, and in the 
summer figs apfiear on these. We say 
the tree is in fruit, but these pear- 
sharped growths that look so much like 
fruits are not fruits at all. but flowers. 

The Curious Flowers of the Fig 

We all know how a daisy or dande- 
lion is made up of a number of florets 
arranged round a centre. The fig 
blossom that looks so much like a fruit 
is really a flower of this type. Yet how 
different it looks ! Let us take one of 
the so-called " figs ” from a fig tree and 
cut it down the middle lengthwise. 
Inside we can at once see a large 
number of florets. Some of these are 
male flowers and some are female 
flowers. The fig blossom is really some- 
thing 1ik(i a dandelion or daisy head 
with all the florets gathered up and 
curlt'.d inwards. The male and finale 
flowers are on the same plants 

When the little wasp is hatched from 
an egg in a caprifig it lives on the food 
which it finds there till this is exhausted 
and then it comes out. But in order to 
make its exit it must pass among the 
male flowers of the caprifig and it 
becomes covered with pollen from them. 
It reaches the open air and, flying about 
looking for a new home in which to lay 
eggs, it is deceived by the Smyrna figs 


hanging on the cultivated trees. As 
the ancients noticed, it pierces the 
edible fig blossom, thinking this is a 
caprifig, and enters, but soon discovers 
its mistake and comes out again. 

During the journey inside the cul- 
tivated fig blossom, however, the pollen 
has become brushed off the wasp’s 
back, and falling on the female flowers 
inside the fig causes these to develop so 
that seeds are produced, and the fig. 
though retaining outwardly very much 
the same shape, is now no longer a 
flower but a fruit. 

The work the Smyrna figs need has 
been done by the little wasp, but the 
wasp is not yet finished. Tt must lay 
eggs if its race is to be carried on, so it 
flies alx)ut till some time later the 
summer caprifigs appear on th<i wild 
fig trees. Here is what it wants as a 
home in which to lay its eggs. 

It goes inside. The eggs arc laid, and 
after the food supply is exhausted new 
wa.sps come out of llie summer caprifigs 
and find the autumn caprifigs on the 
trees, into which sooner or later they go 
to spend the winter. Then the whole 
story starts all over again. 

Once the life story of the Smyrna 
fig, the caprifig and the wasp had been 
discovered it needed only care and 
patience to produce luscious Smyrna 
figs in California. Several attempts 
were made, and at last the wasps were 
carried across the Atlantic, and now in 
California a large crop of fine edible 
figs is produced every year. 


PLANTS WITH BRANCHES THAT LOOK LIKE LEAVES 



In some plants like the familiar Butcher’s Broom, shown here on the left, and the Phyllanthus, shown on the right, a strange thing 
happens, for the abort branches on the stems become flattened so that they look like leaves. They ire called by botanists cladodes, a 
name which conics from the Greek word ** kUdos,” meaning ‘*a branch.” Why the branches of these illants should have developed 
in this curious £^-ltke form it is difficult to say, but as we can see, although thqr look like leaves th^ still behave like stalks, for small 
scale-Uke leaves spring from them as they do from the branches of other plants, and from the axils of file scales arise stalked flowers 
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THE FLYING FISH AND ITS ENEMIES 


T hi£ flying fish is not a flier at all 
in the sense that a bird is a flier. 
It is really a glider. When it 
jumps from the water it spreads out its 
pectoral or breast fins, which are 
developed into a great 
size, and glides some- 
times for 500 feet or 
more. The flight is 
rapid, but gets slower 
towards the end. 
though at ils height 
the lisli will race a ship 
going at ten miles an 
hour. 

The fish can fly 
farther against the 
wind than when it is 
travelling with it or at 
an a n g 1 e. W h e n it 
takes a turning or zig- 
zags, this is not due to 
any eflort on tlie jiart 
of the fish, but is caused 
by the currents of air. 

In calm weather the 
line of flight is direct, 
and ill form like the 
course of a projectile, 
but in rough weather 
the flying becomes un- 
dulating. 

In the Atlantic and 
elsewhere — for the 


flying fish is found in many waters — 
the creature often falls on the decks 
of vessels. When the fish leaves the 
water it is almost invariably because 
an enemy is pursuing it. 


At such times a number of flying 
fish will rise from the water and begin 
their gliding flight, and not only do 
their spread fins vibrate as though they 
were making a real eflort to fly, but 
their tail is often seen 
to work vigorously 
something like a screw. 

In a gale, flying fi.sh 
have been seen to rise 
as high as the top of a 
ship’s mast. Some- 
times they dart through 
cabin windows. 

There are several 
species of fish that fly 
in this way. Tlie fly- 
ing gurnard, also found 
in the North Atlantic, 
particularly near the 
Sargasso Sea, is an in- 
teresting fish, for its 
head is protected by a 
heavy, thick armour, 
so that it is able to 
strike a considerable 
blow without hurting 
itself. Its side fins, 
when spread, form 
great parachutes, and 
the fish, being richly 
coloured with red, blue 
and yellow hues, looks 
like a large butterfly. 



The flying fish as it appears when in full flight 



The flying fish, found in the Atlantic and other seas, has a bad time, for it has many enemies, in both water and air. It is pursued by 
voracious fish like the catfish and by sea mammals like the dolphin. When hunted by these creatures it leaps out of the sea and makes 
its flight, but the albatross and other birds are waiting to devour it there. Here we see the flying flsh escaping from pursuing catflsh, 
only to be hunted by the albatross. The flying flsh is a silvery, large-eyed creature somewhat resembling a herring 
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THE PRAIRIE WOLF LOOKS OUT FOR POULTRY 



The coyote, here seen looking out for poultry on a Canadian farm, is the wolf of North America. It is often called the prairie wolf and 
it is found from Costa Rica to Hudson Bay. It is smaller than the wolf and has thicker and longer fur, and a more bushy tail.’ Its 
colour varies, being a bright tawny brown in summer, turninp^ to grey in winter. It is less savage and destructive than the wolf, and if 
captured young will become quite a docile pet. Generally it is a solitary animal, but at times it hunts in packs. It is omnivorous, that 
IS, It eats almost everything, and when animal food is not available it will turn vegetarian and make a meal of juniper berries or even 
prickly pear. Its usual food, however, consists of hares, rats and young birds. It never attacks man unless it is cornered 
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THE WORKS INSIDE A SLOT GAS METEX 



The gas meter is a very clever device. Gas passes from an inlet pipe to a chamber called the valve gallery, which it leaves through valve 
openings called ports. There are two valves, and each has three ports, one leading to a bellows, one to a service pipe, and one to the 
space round the bellows. A wall or diaphragm divides the lower part of the meter into two compartments. In the picture, gas is entering 
the port of the rear or back bellows, causing that bellows to esepand. In doing so the bellows moves a pivoted arm attached to it and this 
Muses an upright rod to turn, and by mews of levers and a bevelled gear rotates a spindle, at the same time turning tibe dial of the meter. 
The spindle is l»nt into a crank, and this as it turns moves two levers, which slide the valves to and fro over the ports. In the picture 
pulled to the left, allowing gas in the bellows to pass through the service port into the service pipe for use in the house, 
wjule this IS happening gp flows from the inlet pipe into the space outside the bellows, and its pressure causes the front bellows to 
collapM and empty. The b^ bellows then fills and operates, and so they go on working alternate!^. A billing placed in thd slot faUa 
on a platform where it is held by a tooth, and when the handle is turned tiie shflling drops and a rod moves a switch, uduch lets a certain 
quantity of gas into the meter, a curved arm and levers registering the amount 
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THE METER THAT MEASURES THE GAS 

There are some very ingenious devices in our homes, but as we are unable to see what goes on inside them 
we often have no idea of their ingenuity and romance. One of the cleverest of these is the gas meter, which 
registers in cubic feet the amount of gas we use. Everyone should be able to read a gas meter, although now 
the gas companies charge not so much per thousand cubic feet as they used to do. but so much per therm, 
which is the heating value of the gas. Here are some interesting facts about the gas meter 


I NVENTION begets invention, and as 
soon as coal gas came to be used 
for domestic puriJoses and houses 
received their supplies from the gas 
works, it became necessary to h«ave some 
correct and automatic way of registering 
the amount of gas used in each home. 

The first kind of meter devised was 
invented by a Mr. Clegg, who was en- 
gineer to a gas company, and it was 
known as a wet meter, or Wciter meter. 

Wet and Dry Meiers 

In t his type of meter t here is an outer 
ca.se half filled with w'atcr, and a drum 
divided into four compartments re- 
volving inside. These compartments 
fill first with water and then with gas 
in turn. When the gtis eaters it drives 
the drum round 

and as the drum 

turns the gas 
from the gas- 
fill e d compart- 
ments jiasses out 

£r'.L'‘hSr 

for use. O 

Buttheincon- ^ ^ ^ 

vcnience of the 

wet meter is that /i " I 

it must have the ll ^ i 

water kejit at a 

certain level, and ^ 

as water e vapor- y 

ates it needs con- 
slant attention. 

This set men try- 
ing to devise a 
meter that could 
W'ork without 

water, and sue- . ^ . 

cess was attai ned 

by Mr. John 

Malain, who pro- 

duced a dry ff 

meter which was if ^ 

later gradually ll 

improved and is 

the meter in use ^ ^ <5 ^ 

to-day It is a ^ 

triumph of mcch- 
wicai ingenuity. 


they work certain mechanism that by 
means of levers imd spindles, turns the 
dials of the register, showing how much 
gas has been used. 

Of course, without some appiiratus 
that would measure accurately the 
amount of gas received and used, it 
won Id have l^en impossible for the man u- 
facture and .supply of gas to have become 
the great industi^' which it is to-day. 
The gas-works must know how much 
18 used for the purpose of charging. 

As it is, gas metiers are marvel- 
lously accurate and very rttrely go 
wrong. They are sealed up and if there 
is ever a dispute between the gas 
company and the consumer, either 
parly can insist upon an official 
examination of the meter, and the party 






Gas meter nadinq 35,900 





which is proved to be wrong ha.s to pay 
for this examination. But considering 
how many millions of consumers there 
arc in the country, it is astonishing how 
few complaints arc ever made and how 
little di.sputc there is about the meter. 

In these days when gas is charged 
not at so much per 1,000 cubic feet, 
but at so much fier therm, it is interest- 
ing to note what a therm is. The gas 
therm is 100,000 British Thermal Units, 
and the British Thermal Unit is the 
amount of heat required to raise one 
pound of water one degree Fahrenheit. 

The Blessings of Good Lighting 

Few people, if they were asked to 
name the half-dozen greatest boons and 
blessings among tlic discoveries and 
inventions of the 

last 150 years, 

would place gas 
in their list Yet 
a writer Siiid in 
1829, soon after 
. gas came into use 

for lighting the 
Q streets, '* What 

^ 1 has the new 

// of all the 

ir^S ^ preachers done 

It 11 W the morality 

^7 3JJ and order of 

6 4 // l-ondon, com- 

pared to what has 
been effected by 
gas lighting ? 

There is a world 
of truth in thcold 
saying, “ Every- 
o?ie who doeth 
. . . evil hateth the 

cometh to the 
^ 1 * S t his 

if ^ deeds should lie 

IhS U discovered " The 

11 I) words, of course, 

3 JJ originally re- 
\ ft M JJ ferred to moral 
5 light and dark- 

ness, but they 
are equally true 


opposite page. 

The principle 
is that two bel- 
lows work alter- 
nately, filling 
with gas and 
emptying in turn, 
and as uiey col- 
lapse and expand 


Gas m eter reading 224,200 

Weshouldsll be able to tewl the gas meter, and here we can see how to do so. The si^ 
dial is for the passage of single feet of gas through the meter and ts onig mtended to 

indicate that the meter is srwtoJg, or to show when aU the lights are off that thmwno ^ape 
ofaas. It is h» the four large dials that sre read the amount of gas consumed. In the nght dial 
eaidi division Wkt too cubic feet, in the next x.ooo cubic feet, and so on. In e^ dial we 
StoL figure last passed, and startiBg at the ieft-haiut dial «rf the uppw set wr^ down o. 
Then for the secondfUai we write dosm 3, for the third s. f™* 

iltetwards for the hundreds. The reading is thus 3S.900 cubic feeL The tosrer lim of diMs 
Is moBosed to indicate the reading when it is next taken, some months later, and here it u 
!S.. the top imdtag from the bottom reading we find that the quantity 

' of gas consumed in fiie period has been 188,300 cubic feet 


of physical light, 
and nothing did 
more to suppress 
crime and evil in 
the streets of 
cities and towns 
after sunset than 
the improve- 
ments in street 
lighting which 
came with gas. 




HOW A GRAMOPHONE RECORD IS MADE 



^eryone wants to know how gramophone records are made, and by the courtesy of the Gramophone Company, Ltd., we are able to 
show the whole process. In the top left-hand corner a soloist is singing. The voice sets up waves in the air which enter a microphone, 
strike u^n a sensitive^ diaphragm and set it vibrating. This moves granules of carbon through which an electric current is passing, 
and the now of electricity is varied. The current passes to an amplifying apparatus fed by current from the main. This current passes 
through an eliminator which smooths out any jerkiness. From the ampliher the current passes through wires wound round the poles 
which is a stylus bar, these being on a recording machine. The variation in the current from the microphone causes 
a TObbin to nicwe to and fro as shown in the enlarged picture of a stylus bar. Attached to the bobbin is a si^lus or cutting needle, 
Md as the bobbin nioves, this needle cuts a groove in a revolving wax disc. When the song is finished it has b^n recorded by a con- 
tinuous wavy line. The wax disc is now placed in an electro-plating bath and is plated with a coating of copper to form a negative of 







and the human voice reproduced 



the record. The copper negative is pJaced in a bath and coated with silver, and this silver deposit, when stripped off, is a hard replica 
of the wax disc. The silver is now placed in a bath and plated with nickel, the nickel, which is afterwards taken off, forming a negative 
from which the actual records are stamped. Two stamping negatives are placed in a warm hydraulic press, and in the centre between 
them is put a plastic mass of material made up of the five substances shown. The press is then brought down, the material is squeezed, 
out, and the wavy lines on the negatives are impressed on the material» one negative stamping one side and the other the other side. 
Tne black record is removed, and its rough edge ground smooth, when it is ready to reproduce the sound originally recorded in the studio. 
When we place the record in the gramophone the needle is inserted in the wavy line, and as the record goes round the needle waggles to 
and fro and sets up vibrations in the mica diaphragm of the sound box, which in turn causes waves in the air. These are amplified in 
the gramophone, and when they strike our ear we hear exactly the sounds that were emitted by the singer in the studio 







WHAT AN ESCALATOR IS LIKE UNDERNEATH 



This picture shows how an escalator works. Each stair consists of a flat tread flxed to a metal frame, and this is carried on a truck 
with two wheels at each side. The wheels are out of line with one another and run on separate parallel rails, so that there are four rails. 
These rails are first horizontal, then slant upwards, and again become horizontal, curling round and returning below. The whole of 
the stairs, which are linked together, are moved by an endless chain in the centre, working round two large cogwheels, one above and 
one below. The treads of the stairs at the bottom form a continuous horizontal plane as long as they are on the horizontal part of the 
rails. Then when the rails slant up the wheels adjust themselves, and each tread rises gradually with its framework till it becomes a 
stair. It goes up in this form till at the top, when the wheels pass from the inclined part of the rails to the horizontal once more, the 
treads arrange themselves as a horizontal plane, and carry us off to the stationary floor. A moving handrail at the side helps nervous 
people to keep their balance. One of the stairs with its wheels on the rails is shown enlarged in the bottom left-hand corner 


HOW LEAD PIPING IS MADE FROM 


A n cuioriuous antount of lead piping 
is used as it is the cheapest fonn 
of piping for carrying water to 
different parts of buildings. The great 
main.s which convey the water niuJer- 
grouiid tlirough the streets <jf a city are 
made of iron, but the smaller pipes 
are ot lead. 

Lead was one of tlie seven metals 
known to the Ancients, and articles 
made of it have been found in I'.gyptian 
tombs. The metal is mentioned "in the 
Old Testament, as when Moses sang of 
tlie Egyptians lost in the Red Sea that 
" they sank as lead in the mighty 
waters.*' 

The lead used in manufacture is 
obtained chiefly from the mineral 
galena, which contains siilphui, and 
generally has a certain amount of /inc, 
copper and other metals in it even 
silver and gold at times. It i.s found 
abundantly in the United States, 
Australia and Spain. 



MOLTEN METAL 

The galena is melted in a blast fur- 
nace and the lead drawn off in moulds, 
after which it is refined by melting it 
down once more and ^irring with a 
jet of steam. Lead is an easy metal 
to work with, as it is soft and melts 
at 327 degrees .Centigrade, or 620*6 
degrees Fahrenheit. 

Tlie picture diagram here shows how 
lead pipe is made. Molten lead is 
passed into a chamber in which stands 
a steel or iron rod, fixed to a piston. 
The piston works by means of hydraulic 
pressure, and when it goes up it carries 
with it the rod and drives enougli of 
the molten metal round this into tlie 
conduit to form the lead piping. The 
piping comes out and soon cools, pass- 
ing over a roller, when it is detached 
and carried away. The softness of 
lead enables it to be rolled and bent. 

Furnaces round the chamber 
tainxng tlio lead keep the metal in a 
fluid and workable state. 
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THE MACHINE THAT STICKS THE SOLES ON SHOES 




Mo Mustiy has moK innnioua or intricate machinery than that oi the boot and manufactimr Hm* u - ■ 

^chinas ttiM in this inJusIty. It is known as the e^iiess sticker, and it sticks tiwmlST^^s^hSd Mb* 

^tchjM. The machine reroWes at a considerable speed and as it goes round the operator puts the shoes in their 
dw the re^ Something like 2,000 soles can be stuck on shoes in this W17 in an^hotm JSXmMZTtfcS Start 
of shoes. Of course, a machine of this l^d costs a great deal of money to make, but once made its nuui^nanoB is 1^ toe pnce 

«slng deeices like this may displace workers for aW but the dSculty often rigto iSdf l? rto^lSST^di^^ 
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JUPITER AND HOW IT SHOWED THE SPEED OF LIGHT 







Jupiter, shown here, is the biggest of all the planets. It is 90,000 miles across at the Equator, and 1,350 Earths could be packed 
inside this giant world. Indeed, all the other planets of the solar system could be put inside Jupiter, and still there would be space 
to spare. The bands seen across the planet’s surface are supposed to be due to masses of cloud, probably of carbon-dioxide gas. 
The Great Red Spot, which varies in length and is sometimes 30,000 miles long, is a mystery. Astronomers cannot explain it 
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This diagram shows how the speed of light was first measured. In 1675 Olaus Romer, a Danish astronomer, studyin|[ the eclipses 
of Jupiter's moons by the planet, noticed that after six months a moon appeared to be about z6( minutes behind time in arriving at 
the position C. It suddenly dawned on him that while at one olKKrvation the Earth had been in the position A in its orbit round 
the Sun, six months later it was at B, which was about 186,420,000 miles more disUnt from Jupiter. The rays of light from * 

moon had had to travel this distanee farther, and, thought Romer, the light must have taken that much longer to reach the Earth. 
Thus he calculated that light travelled at 186,420 miles per second. This was confirmed hf later experiments, described on page 1x5 
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Wonders of the Sky 





THE EARTH’S BIG BROTHER 


The giant of the Solar System is the planet Jupiter, which circles round the Sun with his train of eight 
moons, between the orbits of Saturn and Mars. He is so big that the matter of all the other planets could 
be easily packed inside him. In these pages we read many interesting things about this great planet with 

its curious belts and markings 


T he Earth on which we live may 
seem a large place to us, but as 
a matter of fact it is very small, 
compared with some of the other 
planets, and if we could sec it passing 
across the disc of its big brother 
Jupiter, the largest member of the 
Sun's family of worlds, it would seem 
little more than a dot. 

The King of All the Planets 

Jupiter is indeed a huge world. 
Whereas the Earth's diameter is just 
under 8.000 miles. Jupiter is 90.000 
miles across at his eqiuator, which is 
more than eleven times the h'arth*s 
equatorial diameter. Eut Jupiter is a 
much more Haltened world than the 
Earth, and his polar diameter is only 
8^.200 miles or a sixteenth 
less than the diamet<T tlirough 
the Equator. 

It is w'heii we think of the 
space that the great planet 
Jupiter occupies that wc 
realise how' very much bigger 
than the Earth he is. We could 
pai'.k about 1,350 Earths inside 
Jupiter, which is larger than 
dll the other planets of the 
solar system put together. 

The circumference round the 
Equator is nearly 300,000 miles, 
so that a rope which wouUl 
stretch from the Earth to the 
Moon would he altogether 
too short to go right round 
Jupiter. Indeed, wc should 
want about yo.ocx) miles more 
of ro|H‘. to complete the circuit. 

But although Jupiter i.s so 
much bigger than the Earth in 
size, the matter of which he is 
composed is much less dense 
than the Earth’s, and so his 
weight or mass is equal to only 
317 Earths. 

Astronomers tell us that 
Jupiter is about one quarter 
Hs dense as the Earth, for while 
Jupiter is only a third heavier than a 
globe of similar size composed of 
water, the Earth is 5} times as lieavy 
as a globe tlie size of the Earth would 
be if made of water. 

Traveling at 80»000 Miles mn Hour 

Jupiter turns round on his axis just 
as the Earth does, but in very much 
less time, for he makes one complete 
turn in 9 hours 55 minutes, so that his 
<iay is not much more than a third of 
one of our days on the Earth. What 
an enormous speed this is for a great 
globe to whirl round at. If anyone 


couhl stand on the equator of Jupiter 
he would be rushing round at the rate 
of 30,000 miles an hour, and yet, of 
course, he woidd feel no more giddy 
than a person living in Singapore feels 
when he is whirling round with the 
ICarth at the rah? of rather nH)re than 
T.ooo miles an hour. 

Of course, the s|>eed with which 
Jupiter turns round on his axis lias 
been discovered by watching various 
marks on his surface, but the curious 
thing is that when the progress of tlie 
marks is observed at different times 
the period of rotation works out slightly 
differently. This is due to the fact 
that wlieii we are looking at Jupiter 
we are not looking at a solid ball like 
the Earth, but at a mass of clouds. 


Whatever the great bulk of Jupiter 
may be, tlierc is no doubt that his 
surface is completely covered with 
clouds, probably of carl>on -dioxide gas. 
Those vary in colour from time to time, 
and they appear in dark l)e]ts'and 
lighter zones across the planet. 

The belts vary in colour and width 
at different periods, and the markings 
that appear on them sometimes move 
together or away from one another at 
a rate of three or four hundred miles an 
hour. This movement among the clouds 
of Jupiter is believed to be due to 
mighty rushing winds, and if so the 


giant planet has storms compared with 
which the terrible tornadoes, wliich 
sweep over the surface of tlie Earth at 
100 miles an hour, are little more than 
gentle breezes. 

While tlie dark parts on Jupiter 
vary in width from time to time, Ihev 
are sometimes as much as r 0,000 miles 
wide. Sometimes bright .spots appear 
on these, gradually turn rerl, and then 
disappear altogether. 

The Mysterious Red Spot 

The most remarkable feature that 
has ever been seen on Jupiter was a 
huge oval spot, first detected in 1857. 
In 1878, however, it became very 
prominent, assumed a ])inkish colour 
which, as lime w'ent on, changed into 
a bright red so that it came to 
be known as the Great Red 
Spot. 

It was indeed a great spot, 
the most conspicuous marking 
ever .seen on any planet. At 
its greatest extent it was 
30,000 miles long and 7,000 
miles broad. Naturally astron- 
omers watched it very closely, 
and wondered whai it could be. 
As the years went on the 
Great Red Spot changed very 
much, then gradually it became 
fainter and fainter, till it prac- 
tically disappeared, but in 1919 
and again in 1927 it grew 
prominent once more. 

There have been all sorts 
of theories as to what this 
strange feature could be. One 
idea was that it must he a gap 
in the clouds through which the 
more substantial part of tlie 
planet below could be seen. It 
seems difficult, however, 
believe that such a huge gap 
should occur more or less in 
one place and remain a gap for 
so many years. 

Another idea is that it is a 
kind of whirlwind in the cloud belt, 
but there are good arguments against 
this being a fact, for the Great Red 
Spot someiime.s has pointed ends and 
this could not be if it were a whirlwind. 

Juplter*s Long Year 

So far no satisfactory explanation 
can be offered as to the nature of the 
spot, and the reason for its strange 
persistence. 

Not only does Jupiter rotate on hi.s 
axis like the Earth, though his axis 
is tilted much less than that of the 
Earth, but he also revolves round the 



The diameter of Jupiter is eleven and a half times that of the 
Earth. We see here in graphic form how very small the 
Earth is compared with its big brother 
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Sun in an orbit just as our world does. 
But it takes nearly twelve of our years 
for him to go round, or in other words 
a year on Jupiter is equal to eleven of 
our years and 315 days in addition. 

Jupiter is about 483 million miles 
from the Sun. but as his orbit is an 
ellipse like that of the Earth he is 
sometimes nearer and sometimes farther 
away, according to his |x>sition in the 
orbit. The cl i (Terence between his 
greatest distance and his least distance 
from the Sun is 42 million miles. 

If we were standing on Jupiter we 
.should .see the Sun as a tiny disc in the 
sky only one-iifth of tlie Sun’s diametei 
as it appears to us lookiiig from the 
Earth IJecausc of its great distance the 
solar light and heat cjii Jupiter are 
only one 27th as intense as they are on 
the Earth’s surface. 

A Brilliant Planet 

Yet Jupiter as we look at him in the 
sky is a very bright planet. He stands 
ne.Kt to Venus in the order of brilliance 
among heavenly bodies. He is brighter 
than Mars oven when that planet is 
iieare.st to u.s, and he is live or six times 
as bright as (he Dog Star, Sirius. The 
reason that he is so liright is that he is 
so big. What is lo.st in distance is made 
up in size, and so we have a very 
brilliant ol>it'ct in the night sky. 

What sort of a bocly is Jupiter ? 
Until quite recently it was supposed 
that tlic [>lanet had a high temperature 
and was hot on his own account for 
the same reason that the Sun is hot. 
that is, because a jircjcess of condensa' 
tioii is going on. Jupiter was described 
as a sort of “ semi sun.” hot enough 
to be .selMuniinous. 

One distinguished astronomer wrote, 
” It is safe to infer from the density 
and gravity pre.ssure of Jupiter that 
its interior is very hot It has been 
supposed indeed by some that its sur- 
face is very hot an<l partly self-lumin- 
ous ; but such cannot be the case, for 
the shadows east by the satellites on 
the planet are perfectly black, and when 
a satellite is in the shadow of Jupiter 
it is invisible. 

Is the Great Planet Hot or Cold ? 

" No disturbanc es distinctly resem 
bliiig volcanic activity have been 
obsetved, but Jupiter is so far away 
that ihc’y could not be seen unless th<*y 
covered a regioi; several hundreds c)l 
miles ac:ross. 

” In conclusion we .shall pro!»a])lv be 
near the truth if wtj suppose that 
JupitcT i.s not in an advanced stage of 
it.s evolution, like tlie terrestrial jilanets, 
l)iit that it contains enormous volume.s 
of gases which are m rapid lirculation 
both along and perpendicular to its 
surface, and that the energy of its 
internal fires still gives rise tc) violent 
motions.” 

In recent years, however, astronomers 
have come to quite a d liferent con- 
clusion Sir Janies J(‘ans. the dis- 
tinguished English astronomer, says, 
” Jupiter i.s almost unitnaginably cold. 
The amount of heat we receive from it 


shows that its temperature must be 
about 270 degrees below zero on the 
Eahreiiheit scale This is so cold that 
not only would water be frozen, but 
tlie commonest gases, like those of our 
own atmosphere, would be turned into 
liquids. Yet the planet is not altogether 
devoid of activity : definite features 
appear in its atmosphere which |>ersist 
for a time and then disappear, much as 



An actual photograph of the planet 
Jupiter, taken at Lowell Observatory in 
America in 1915. The Great Red Spot 
can be seen on the right 


rain-clouds do in tlie atmosphere of the 
Earth. The clouds of Jupiter must 
presumably be clouds of Ccirlxin-dioxide 
or of some other gas which only con- 
denses at very low temperatures.^’ 

Men of science have been able to 
measure the very small amount of heat 
which we receive 011 our Earth from the 
planet Jupiter, and it is found, contrary 



A photograph of Jupiter taken by Mr. 
W. H. Wright in 1927. The spot in the 
lower half of the planet is one of the 
moons crossing the disc 

to what was previously thought, that 
Jupiter’s temperature is pist about that 
wliich would be maintained by the Sun’s 
heat alone at that enormous distance. 
Thus in a year or two we have had 
completely to rindsc our ideas about the 
condition of this biggest member of all 
the Sun’s family. 

A reference has been made to the 
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satellites of Jupiter. There are, so 
far as is known, eight ot these and four 
of them are so big that we can see them 
quite easil}' if we look through a field- 
glass or even a good opera -glass. In 
using the glass we sliould put our elbows 
on the window ledge or some other 
firm support, so as to keep our hands 
with the glass steady. 

it is rather interesting to remember 
that the four large moons of J upiter were 
really the first heavenly bodies of whose 
di.scovery we have any record. Galileo 
found them when lookitig through his 
newly invented telescope in January, 
r6io. 'Hiey were given the names of 
lo, Europa, Ganymede and Callisto 

A World with Nine Moons 

No more of Jupiter's moons were 
found for nearly three centuries, and 
then in 1892 Professor Barnard, at the 
Lick Observatory in America, dis- 
covered a fifth satellite. This is ver\' 
small and can be seen only by means of 
the most powerful instruments. It is 
the nearest of all the moons to Jupiter, 
being only 112,500 miles from the 
centre of the planet Its diameter docs 
not exceed 100 miles. 

But this is not Jupiter's smallest 
moon. During the present centiirv 
four other satellites have been found 
by means of photography, and the 
ninth is i>robably only about 15 milt- 
in diameter, the eighth being very 
little larger. The four larger moons 
discovered by Galileo are t*nonnoiis 
ill comparison, their diameters rangin** 
between 2.oho miles and 3.580 miles. 
Some of them arc thus larger than the 
planet Mercury. 

For .some rea.son that is not known 
the fourth moon of J iipiter has a very 
dark complexion, and wdicii it crosses 
the face of the planet it appears as a 
very black spot that can hardly be 
distinguished from its own shadow 
'The other moons when they cross 
Jupiter’s disc appear bright or daik 
according to the brightness at the time 
of that part of the planet. 

Jupiter Aids a Great Discovery 

The two outermost moon.s are a vast 
distance from their planet, revolving 
in orbits more than seven million mik-N 
from Jupiter, taking two years to 
complete one revolution. I^crhaps then 
greatest marvel is that, compared witli 
all the planets in their path round the 
Sun and the majority of satellites in thcii 
journeys round their planets, these tvo 
outermost moons of J upiter are believed 
to revolve in the opposite direction. 

The moons of Jupiter suffer eclipsi's 
iust as our moon does, and it was by 
working out the exact times of the 
eclipses of Jupiter's satellites aii<l 
comparing them with the times that 
we saw the eclipses from the Earth, 
that man first discovered within vei^ 
little the speed at which light travel.^. 
Previously it was supposed that thi* 
speed of light was infinite, or in other 
words that in its travels it took no time 
at all to reach us or any other distant 
heavenly body. 




Romance oF British History 


THE GREAT MORTALITY IN ENGLAND 

What would happen if half the people of the world were to be suddenly carried off by some great catastrophe, 
if half the population of Great Britain suddenly died, and every other country were in the same terrible plight ? 
The confusion that would result is almost inconceivable. Yet a catastrophe of this magnitude has once over- 
taken the world, and, as we read, here in England it resulted in a drastic change in the whole scheme of life 


I N all the Great \V ar about ten million 
lighters Icjst their lives throughout 
the world, and the deaths for Great 
Hritain and Indand alone were 812,317. 
Germany had over two millions killed. 
Russia nearly two millions, and France 
nearly a million and a half. But these 
(li'aHis, terrible as the figures are, were 
not a huge proportion of the popula- 
tions of the ilifierent cc^untries. 

During the years of the W'ar the 
t'opiilatiori of the world is estimated to 
h.ive iH'en 1,623 millions, so that less 
than one aooth of the population was 
killed. Ill Great Britain and Ireland, 
wliere the population was 46 millions, 
the proportion of killed was one out of 
57 persons. This was bad 
tsioiigh and led to startling 
* lianges in industry and other 
d(‘partmcnts of life." But what 
would have lieen the. result if. 
instead of one in 57. one out 
of every two persons in the 
I ouiitry, men, women fuid 
children, had lost their lives ? 

'I'liis is tlie actual proportion 
oi deaths in the great ])lague 
which oveilook Rnglatid aii<l 
Furo]ie and the wdiole known 
workl in the middle of the 
foiiiteeiith century. Nothing 
rise like it is found in hislo^J^ 
and although, strangely enoiigli, 
many history lx)oks give very 
little attention to it. the (Treat 
Mortality or Bhick Death, as it 
IS called, was a real luniiiig 
jMjiiit in the history of Knglaiid, 
if not in the history of mankind. 

A Succession of Disasters 

Let us go back to the lx*gin- 
ning. Somewhere about the year 
1330 there began in (^hina a 
series of terrible disast.ers which 
tollowed one another in quick 
succession for about scventc?<m 
\’c;irs. These included drought, 
iloods, ruined harvests, locusts, 
caithqucikes and famine. Mil- 
lions of people and iuiimals died. 

In one year alone, in the 
Southern Provinces, it is said 
diat faminfe and^ flood caused 
tlie deaths of 13* million individuals, 
^lillions of bodies lay about unburied. 
Old it is hardly surprising that pcst- 
’k.‘ricc soon followed the other disasters. 
' liis pestilence seems to have been 
111* wcll-loiown bubonic plague which 
"IS continued in Asia right down to 
•iir own time. Not many years ago, 
wll the British stamped out the plague. 


this diseasti carried oft millions every 
year in India. 

The ph'igue of the fourteenth century 
quickly spread from China along the 
great caravan routes to Constantinople 
and the harbours ot Asia Minor, whence 
ships carried it to Cyprus, Sicily, 
Marseilles and Italy. 

In those days sanitation in both East 
jjuid West was conspicuous by its 
ab.sencc., and it is not surprising that 
having once gained a fiKiting in ICurope 
the ])lague should spread ra]>idly to all 
countries, taking its toll of lives as it 
travelled. It spared none ; rich and 
poor, old and young, strong and weak, 
a,ll fell victims to the cruel scythe that 
mowed down right and left. In Ger- 



those terrible years 25 million inhabi- 
tants. Never w'as there such a scourge. 

la .some districts the plague l)rought 
sorrow and mourning, wdiile in others 
the people with a kind of hysteria 
indulged more than ever in frivolity 
and mirth. 1 

It was not to be expected that, with 
the plague sweeping across the world, 
Ivnglaml slioulcl escape, and sure 
enough, in August, 1348, a ship arriving 
at Melcombe Regis, now a part of 
W»‘ymouth, ami then a trade centre of 
considerable importance, brought germs 
of the plague and started the Great 
Mortality in Kiiglaiid. 

Rumours of wliat w'as liappcning on 
the Continent of Europe had reached 
England earlier in the summer, 
-- -n but in those days people paid 
j more attention to cliarms and 
tluui to sanitation and 


Ships with their crews all dead were seen tossing on 


many, where a million and a quarter 
people arc said to have died, no 
fewer than 124,000 Franciscan friars 
fell victims to the terrible disease. In 
Paris 50,000 people dieil, and while 
the plague raged C^iiro lost from 
between 10,000 to 15,000 people daily. 
A modem historian believes that 
Europe alone lost by the plague of 


. liygiencj. Prayer is good in its 

7' " place, but it is no .substitute 
for sanitation in resisting con- 
lagious and infectious diseasi\ 

Prayers Against the Plague 

The aid of th(' priest rather 
than that of the docUir was 
sought in health matters, and 
the only precaution against 
the entry of the plague into 
England seem.s to h;ive been 
an order by the Bishop of Bath 
and Wells for jirocessions every 
Friday in the churches to beg 
(iod io protect pt?ople from 
the* pe.stilence which had come 
from tiie East. I'he Bishop 
also urged the people to give 
alms and to fast and pray in 
order, if p<»ssible, io avert the 
Divine anger. Such religious 
exercises were no doubt good, 
bill they should have been 
accompanied by quarantine 
regulations and orders for a 
more sanitary and hygienic 
way of life. 

Having obtained a foothold 

the plague soon .spread. It 

the seas swept over the southern 
districts. <lestroying numberless 
people in Dorset, ' Devon and 
Somerset. People who were well in 
the morning were dead by midday, and 
there was no respect of persons. Fear 
seized all. Even the eyes of people 
were considered as sources of contagion 
which had the power of acting at a 
distance. 


soon 


The ordinary course of daily life 
on began to be upset. Some villages 
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were left entirely without inhabitants. 
Priests and monks and friars were 
struck down like ordinary people, and 
in those days, when religion played such 
a large part in the lives of the people, 
the absence of priests to minister to 
the sick and dying was regarded as a 
terrible calamity. 

Onward marched the angel of death, 
till at last he reached Westminster 
and London in November, and here he 
had a fruitful field for liis operations. 
London, with its narrow streets and 
overhanging houses shutting out the 
sunlight, with its cesspools, and giir- 
bage heaps, with its butchers slaughter- 
ing the animals in the streets and 
allowing their blood and offal to lie 
aliout or run down the ordinary gutters, 
with its unventilated houses, had no 
chance against an infectious disease of 
this kind. 

do not know exactly what the 
population of the capital was at that 
time, but at least half of its people w^ere 
carried off by the plague in a few weeks. 

Edward ihe 'Phird, fresh from his 
triumphs on the Continent, the greatest 
con(|iieror of his day, to whom the 
Imperial crown of GcTinany had betMi 
offered, was no match for an 
enemy of this kind. Away wont 
the plague like the wind to the 
north, and wherever it went it 
cut down men, women anfl 
children of all classes and ages. 

Life became dislocated. In 
many districts there w’orc no 
people to plough and sow 
and reap and attend to Die 
caltle. 

No Men to Till the Land 

T..ord Hussell has asked us to 
consider what would happen if 
a plague swept over the world 
to-day killing only one percent, 
of the people, but that one per 
cent, tile technical experts on 
whom we are so depeiidenl. 

If this happened we should 
have no light or lieat ; our 
factories would have to sto]) ; 
our transport would be l)rought 
to a standstill, and life would 
revert to what it was in primi- 
tive times. 

Something of this kind 
liapp«*ned in the days of the 
Great Mortality or Black Dcatli. 

There were no technical ex- 
perts in the scientifu' sense 
then, but the labourers were tlte 
people who understood agricul- 
ture, and when half of them 
were swept oft it was difficult 
to find men with the know- 
ledge and ability to till the “ 
land and attend to the cattk' 
and proilucc the necessary food for 
the nation. 

Nothing could keep the plague out. 
When the men of Gloucester tried to 
do so by cutting off all intercourse with 
Bristol, they soon found that the plague 
had beaten them, and they died as did 
others, passing on the plague to Oxford 
which, m turn, passed it on to London. 


Ordinary burial was impossible, and 
hundreds, and in some cases thousands, 
of bodies were interred together in 
great pits. A contemporary record tells 
us that in one pit in I.,ondon alone 
50,000 bodies were buried : but this, 
of course, must be an exaggeration. 

So completely did terror kill all 
kindlier feeling that neighbour fled from 
neighbour, brother forsook brother, 
sister left sister, and wife and husband 
fled from one another, even children 
being forsaken bv their parents. 

Ships Without Crews 

No place was immune from the dread 
disease. It swept over .sea as well as 
over land, and many .ships lost the 
whole of their crews, with the result 
tliat vessels were seen tossing about on 
the Mcdtlerranean and in the North 
Sea with no living soul on board. All 
had fallen victims to the Black Death, 
so called because of a darkening of the 
skin which resulted. 

If is difficult to imagine anything 
more dramatic than these ships tossing 
on the waves like the mythical Flying 
Dutchman, with no crews to guide 
them into port. No wonder commerce 



Land went out of cultivation and mills became ruins 


and .social intercourse came more or 
less to a .standstill, and every man sus- 
pected his brother for fear he should 
t)e a messenger of death. 

In London and other cities no 
attempts at dealing with the plague in 
a sanitary way seem to have been made. 
The narrow dark streets, with the blood 
of slain beasts running down them, 


still remained uncleansed. The houses 
remained unventilated, the yards un- 
drained. The offal from the butchers' 
cattle was still thrown into the Thames, 
and as we think of this terrible state of 
affairs, we can understand that the 
plague, so far from being banished, 
found an ideal place of abode. 

As the plague stalked through the 
land it did not spare monasteries, even 
in isolated districts. Any caller might 
bring the plague, and in some monas- 
terics all but one or two of the monks 
died. When newcomers took their 
places they also were smitten down by 
the plague. The parish priests were 
in the same plight, and the records 
show in some parishes a succession cf 
priests, each smitten down within a 
few months. 

Land went oui^ of cultivation, build- 
ings went into ruin, all because lht*rc 
was no one to attend to them. In the 
Bedfordshire records we road of a 
cloth mill on the Manor of Storing ton, 
which stood idle and worthless because, 
as the old document says, “ it starifls 
empty through the mortality of tlie 
plague and there is no one who wishes 
to use it or rent it for the same reason.” 

In tho.se far off days people- 
Utile realised the danger ol 
contact with infcjctious disease. 
The Scots, hearing of the cruel 
pestilence among the English, 
thought this had hapi^netl 
to them as a judgment .it the 
hand of God. They, Iherofon- 
laughed at their enemies, and 
thinking that while the plague 
had overwhelmed the English 
it would not touch them, they 
assembled an army in the fonvst 
of Selkirk with the intention 
of invading P'ngland. Contact 
brought infection, and the Great 
Mortality came upon the Scots 
like an "avalanche, so that in 
a short time about 5,000 i.ii 
their army died. 

Silence Settles Over the Land 

A sti'ange silence .settled over 
England, for many a water mill 
whose sound had been heard in 
ihe countryside ceased to work 
because there <vas no one to 
cx:cupy it or attend to it. It 
would be bad enough now for 
a country like England to los«' 
half its population suddenly, 
but with modern machinery 
those who remained could soc^n 
produce what was needed for 
the survivors. In the fourteenth 
century, however, when tlie 
population of England ami 
“ Wales was probably less than 
five millions, it was a very 
serious thing indeed for two millions 
and a half lb be carried off suddenly. 

The period just before the Black 
Death had been a prosperous one for 
England. Her king was victorious. th<| 
spoils of war had come to her, and tiic 
prosperity was shown by the building ot 
magnificent cathedrals and churches 
all over the country. But now with 
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the DMtilence came a cessation of the 
•biiilaing. 

At Great Yarmouth, a splendid pair ol 
-western towers was being erected for 
the great church of St. Nicholas. The 
builders were carried oi! by death, 
and the work stopped, never to be 
resumed. This was only one of many 
such instances. The manufacture of 
beautiful c.oloured glass was in the 
same plight. It had reached a great 
height of p^ection, and then came 
tl)e Black Deatii, sweeping away the 
skilled workmen, and we find a break 
in the progress of this art. In fact, as 
a distinguished historian has said, the 
steady progress of the twelfth and 
thirteenth centuries was suddenly 
'Cliecked in the fourteenth. 

The Black Death had swept off hiilf 
the population, and the whole s(x;iai 
structure w'as disorganised. Existing 
institutions were simply shattered, 
•and the historian writes : 

“ Many a noble aspiration 
which, could it have been 
realised, and many a wise 
conception which, could it 
l»a\e attained its true 
de\'elopmenl, would have 
been most fruitful .of good 
to humanity, was stricken 
iH'yond recovery . . . Two 
<ii the noblest churches 
in Italy typify the two- 
fold aspect of this great 
visitation, the Cathedral of 
Si<*nna and the Cathedral 
■ol Milan. 

Great Works Btoppeil 

"The former is but 
a Iragment of w^hat was 
originally conceived. It 
was actually in course of 
«*ri‘c tion and vroiild have 
bren not less in size than 
the present St. Peter’s had _ 

it been completed. The ^ 

transepts were alreiidy 
raised and the loundatiohs had been 
laid, when the plague fell upon the 
citv. The works were necessarily sus- 


thereupon destroyed without trial, 
and similar scenes took place in other 
towns. The Jews were said to obtain 
the poison they used from spiders, 
owls, and various venomous animals. 

Another result of the Black Death 
was the rise of a curious religious body 
called the Flagellants, people who 
went about in bodies whipping one 
another, believing that thereby they 
were appeasing the Deity and helping 
to allay the plague. 

Changes In Cultivation 

But the greate.st result that came 
from the Black Death in England was 
a complete change in the old methods 
of cultivating the land. Up to this 
time the landowners had it all their 
own way, but now with at least half 
the labourers and many of the old 
tenants swept away, the landowners 
were in difficulties. Rents fell to half 





The workers bargained with the landowners for higher 


their former value, and still there were 
no tenants. Thousands of acres w'ent 
out of cultivation. Cottages, mills, 


pended, and from that day to thi.s orchards and fields went to waste, 
iia\ e never been resumed.” and as a result there was a great rise in 


royal taxes, the King gave orders that 
those who asked and those who paid 
higher wages than had been prescribed 
by law should be imprisoned. But tliis 
was a foolish policy, for districts where 
the workers were imprisoned soon 
became famine-stricken as there was 
no one then to do the work and grow 
the food. 

More than a third of the land through- 
out the entire kingdom remained 
uncultivated, and the labourers and 
skilled workmen, banding themselves 
together, became so rebellious that 
nothing could be done to punish them. 
The King’s statute refers to thLs 
demand of the workers for high 
wages a.s ” the malice of servants in 
husbandry.” 

The old system of landowners 
farming their own land by bailiffs was 
discontinued, and land was let out 
to those who, at a fixed rent, would 
undertake to work it. Tt 
was in these days that we 
find the beginning of 
trade unions, for there were 
alliances among workers 
to keep up their wages. 

The Power of the People 

The Great Plague had 
done one thing for England: 
it had taught the common 
people their own power, 
and although for the next 
thirty years lords and 
landowners strove fiercely 
to prevent the overthrow 
of the old system of serf- 
dom, the people were 
masters of the situation 
and eventually w'on 
the day. 

Another change brought 
about by the Black Death 
was the dividing up of 
the land bv hedges, so 
’ that indivi()ual lenant.s 

could farm their own land 
instead of having large fields in com- 
mon. T'his division of the fields by 
hedges has remained a distinguishing 
feature of the English land.scape ever 
since. 


( >nc curious result of the plague was 
that a Smaller proportion of Jews 
was attacked than of Gentiles. This 
was probably due to their more sani- 
tary way of life owing to their obser- 
vance of the Iwgienic rules of the 
Law of Moses. But whate/er was the 
tause, the result roused the hostility 
<»t other peoples, who began to accuse 
the Jews of poisoning the wells and 
even the atmosphere. At once 
persecution broke out, and thousands 
ol them were put to death. 

Under torture, of course, many 
confessed .that they were actually 
!>nilty of the crime imputed to them, 
rhis’ did not occur, however, in 
1 ngland. In Basle the people obliged 
' lieir Burgomaster and Senators to 
hind themselves by an oath to burn the 
Jews and to forbid people of that 
' ommuni^ from entermg the city for 
ii .space of 200 years. All Jews were 


the price of food and other commodities. 

In many cases the rise was 20o per 
cent. Herrings, which at that time 
formed a considerable part of the food 
of the people, became dear and beyond 
the reach of all but the rich, and so 
great was the shortage of fish owing to 
lack of fishermen that people were 
obliged to eat meat on Fast Days. 

High Wages Follow the Pestllenos 

The labourers were quick to seize 
their opportunity, and when they asked 
for high wages, although a statute 
was passed prohibiting this, many 
landowners were only too glad to pay 
the high wages in order to get the help 
they needed. Men's wages rose fifty 
per cent, and women's a hundred 
per cent. 

When the landowners pleaded the 
high wages they had to pay as an excu.se 
for not finding the money to meet the 


Still another result was, that the 
poor people became far richer 
than they had hitherto been, for as 
the population was halved and the 
amount of money in the country 
remained the same the money possessed 
by the survivors was doubled. Small 
freeholders who worked their land 
by the labour of themselves and their 
families were able to buy land very 
cheaply from the lords and landowners 
who could no longer afford to work it 
with hired labour at the new high wages. 
Many a landowner found himself faced 
with ruin and so was compelled to sell 
his land. 

We know how the Great War trans- 
formed the old conditions, but the 
changes that we have seen since 
1914 are as nothing compared with the 
changes which England saw after the 
Great Mortality of 1348 and 1349. It 
marks an epoch in our history. 
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LIGHTNING WITH MORE ENERGY THAN NIAGARA 



Thunderstorms with jflashing lightning occur in all parts of the world. Scientists tell us that there are as many as sixteen million thunder- 
storms every year, or 44,000 a day About a hundred flashes of lightning are seen somewhere in the world every second of time. As 
can be seen in this remarkable photograph, the flashes move in wavy lines as the current passes between highly charged clouds, or 
between clouds and the Earth. The old-fashioned way of drawing lightning as a series of straight lines and angles was incorrect, as 
modern instantaneous photography has proved. The lightning flash meanders rather than zigzags. The lightning, although some- 
times it does harm, also does much useful work, for it produces every year about 100,000,000 tons of nitrogen compounds from the 
air, which fertilise the soil and make it produce more food than it would otherwise do 



The photograph on the left shows a wonderful series of lightning flashes, five miles long, that were witnessed over Baltimore Harbour, 
and the photograph on the right was taken at Toronto in Canada. Buildings are protected lightning conductors, which, by means of 


are on record of its puzzling manifestations. A boy holding a hynui-book from which he was singing had the book torn out of hts 
hands and destroyed, but he himself was not injured. The same thing happened to a man with a whip. Two ladies knitting had the 
knitting needles torn from their hands, but the ladies were not hurt. A man was carrying a pitchfork over his shoulder when the 
fork was struck by lightning, tlie prongs twisted into corkscrews, and the whole thing thrown fifty yards away. The peasant was not 
injured. Far more energy is generated by the lightning flashes of one hour than is produced by Niagara Falls in the same time 
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THE WONDER OF THUNDER & LIGHTNING 

There is no more awe-inspiring phenomenon in all Nature than a thunderstorm. The crashing, rumbling 
sound of the thunder re-echoed by clouds and Earth is often terrifying to those who do not know the cause. 

The sounds are really due to the crack of the electric spark as electricity flashes from one electrified cloud 
to another, or from a cloud to the Earth. The energy of the lightning is enormous, and here we read some- 
thing about the marvels of the thunderstorm 


A lthough in England wc do not 
gel many tlninderstorms, men 
of scienre tell ns that every 
hour there is an average of 1,800 
thunderstorms going on somewhere in 
the world, and these give 360,000 
lightning flashes or 6,000 a minute. 

There is always, of course, danger 
from lightning, but why more damage 
is not done than actually occurs is 
due to the fact that so few Hashes hit 
a terrestrial target. 

'Die clouds that float above our 
heads are nearly always more 01 less 
charged with electricity. As the 
minute particles of the water- 
vapour making up these clouds 
unite to form larger particles, 
the strength of their electric 
charge.s increas(‘s. Eight small 
drops, for example, w'hen they 
unite, will form a drop that is 
only twice the radius of the 
small drop.s, but has eight times 
the electric charge. Thus, a 
mass of cloud in w'hich the 
tiny particles are uniting, be- 
ctunes electrified more and more, 
and when it comes near another 
cloud charged with electricity 
of the o])po.site kind, tluire is a 
discharge with a flash which we 
know ns lightning. 

S o 111 c t i m e s the lightning 
pass(‘S between cloud and cloud 
and sometimes between a cloud 
and the Earth. After the flash 
there is a loud sound or sue- 
ce.ssion of sounds sometimes 
rumbling for a minute or more. 

This S(3und is produced in the 
following way : 'Die electric flash 
heats the air in its p«*itli, and 
docs this so rapidly that there 
is a sudden expansion producing 
a partial vacuum. At once 
the air from all round rushes in 
to fill up the vacuum and it is 
the sound of this rush which we 
hear and call thunder. 

When the path of the flash is short 
and straight one light clap is heard, 
but if the path of tlic lightning be a 
sinuous one and passes over a cxiusider- 
able distance, we hear a succession of 
sounds one after the other, and 
further, the echoes among the clouds 
come rolling down to our ears. 

The speed of light is 186.000 miles 
per second, so that we see the flash 
of lightning practically at the same 
instant that it was produced. Sound, 
however, travels in air at only about 


1,100 feel jier second, or one mile in 
five siiconds The result is that the 
sound of the rushing air reaches us 
from the dilTerciit points along the 
line of flash at different times, and so 
we hear the souncl as a succession of 
claps and rumblings. 

It is interesting after wc have seen 
the flash to count the seconds till wo 
hear the first clap of thunder. We 
can then estimate how far .away the 
lightning was We ran also tell by 
noting whether the interval bctwceii 
the flash and the report gets shorter 
or lunger as the time goes on, if 



This tree was shattered by lightning. It practically exploded, 
the energy of the lightning being transformed into heat and 
suddenly turning the sap and other fluids in the tree trunk 
into gas, so that the tree burst 


the storm is appro^iching or receding 
from us 

Some people have an idea that the 
impression wc get of a very long 
flash is only an optical illusion, but 
scientific experts who have studied the 
matter tell us that the lightning 
flashes arc really as lon^ as they look. 
Often a flash is five miles in length. 
An average flash of lightning has 
enormous energy and is equal to the 
driving power of a 2oo>ton train 
travelling at a speed of 50 miles an hour. 
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1'he total energy represented by the 
360.000 liglitning flashes which occur 
somewlicre in the world every hour is 
more than a million and a hiilf horse- 
power ojierating continuously. This is 
more than the horse-power produced 
by tlie power stations at Niagara 
Falls 

It has been concluded that to 
produce a flash of lightning a mile in 
lengfh would require over 3.J million 
electric cells. 

There are three kinds of lightning, 
one of them, known as ball or globe 
lightning, being rare, and rather 
mysterious in its action. The 
ilaslies which we sec travel 
during a severe thunderstorm 
are known as forked or zig- 
zag lightning Thi.s kind of 
lightning appears to our eyes 
to turn at sharp angles and 
the old artists used to draw 
it so, but instantaneous photo- 
graphy has shown us that the 
lightning- flash really travels as 
a sinuous line, something like 
the course of a river with its 
tributaries at various points 
A third kind of lightning i.s 
known as sheet or summer 
lightning. We hear no thunder, 
but see the sky lighted up 
as though a giant flash-lamp 
were .shone on to the clouds. 
This is actually not another 
form of lightning. It is the 
reflection 011 the clouds of flashes 
of forked lightning in a distant 
storm. 'Die storm may be as 
much as fifty miles away. 

It is a good thing for us 
that only about one llash in a 
hundred ever reaches the Earth, 
and most of those that do come 
to earth are conducted harm- 
lessly into the ground by means 
of lightning conductors or trees. 
It is a fact that most of the 
tall buildings, including the 
Tower, have been struck by 
liglitning a numl^er of times, but their 
conducting rods have taken the current 
safely to earth without damage to the 
building. We read something about 
lightning conductors in another part of 
this book. 

The popular idea that lightning 
never strikes twice in the same place 
is quite wrong. It often strikes the 
same spot two or even more times. 
Of course, to stand under a tree during 
a thunderstorm is very dangerous, and 
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many people and animals have been 
killed by the lightning conducted to 
them down the tree. But it is also 
dangerous to stand up or walk across 
a field or open space efuring a thunder- 
storm, especially if one is carrying a 
metal implement such as a golf club, 
a spade, a rake, or even an umbrella 
with a metal rod or metal ferrule. 

To render oneself safe it is reallv 
necessary to sprawl flat on the ground., 
having put down the metal implement 
300 iect or more away. A good 
scheme during a thunderstorm, if one 
is caught out. is to sit under a thick 
bush or a hedge at least a hundred 
yards from any tree. 

It is a curious thing that there is no 
insbince on record of a train being 
damaged by lightning Ships have 
l>een struck, but that is very rare. 

It is foolish to be unduly alarmed, 
but at the same time we should take 
wise precautions. Iw instance , there 
is no need to be nervous because knives 
and forks are lying on the table, nor 
l)ecause we arc wearing eyeglasses with 
metal rims. Professor Lowe has said 
that lightning would be attracted 
to knives and forks on the table to 
approximately the same extent that a 
bluebottle fly shakes a house with its feet. 

On the other hand, there are ]X!ople 
who think that rubber heels and soles 
on the shoes and rubber tyres on the 
wheels of the motor car are a pre- 
caution against lightning. It would 
be easier," says Professor I.»owe. " to 
put out the kitchen fire with a hun- 
dredth part of a drop of water; than 
to get jirotection in .such a way. 
l.ightnlng travels so fast and so 
powerfully that it would soon over- 
come such slight resistance." 


Lightning p\B,yn all sorts of freaks. 
When it strikes men and women it 
sometimes strips them of their clothes. 



A powerful flash of lightning wrecking the 
atoms of alr» so that they lose some of 
their electrons 


Early in the present century three 
women were standing round a reaping 
machine in PYance when one of them 
was struck by lightning and killed ; 


the other two were injured and both 
had every shred of clothing tom from 
them, even their boots. 

Dui^ a thunderstorm in Wales, a 
lightning flash passed down the chimney 
of a house and, without doing any 
•damage to the building or its contents, 
lighted a fire laid in a grate the previous 
night. When lightning struck a house 
in Cheshire a scrubbing brush on a 
table had all the bristles torn out of it. 

No one can account for the queer 
behaviour of lightning. Forty sheep 
were standing under a tree during a 
storm when the lightning struck the 
tree and killed twenty of the sheep. 
But these were not twenty that were 
standing close together ; they were 
scattered among the total number. 

The lightning in passing from cloud to 
cloud or from cloud to earth takes 
the line of least resistance, and the 
wavy path and the flash itself are 
probably due to the presence of 
obstacles such as solid particles sus- 
pended in the air. 

The popular idea that certain trees 
are immune from damage by lightning 
is not borne out by the facts. The 
Romans used to think that the bay 
tree was never struck, and the fig tree, 
the mulberry and the beech tree 
have all been reputed as " safe." But 
all of these trees have been struck and 
damaged by lightning. To-day it is 
believed by many pcjople that the 
beech tree is never struck, but then; 
are plenty of records of these trees being 
destroyed, their trunks split, and their 
branches tom away ^ lightning. 

Monsieur Camille Flammarion, the 
famous French scientist, collected over 
a number of years, instances of trees 



Here am three rmarkable examples of lightning flashes passing from highly charged clouds to the earth. The voltege of a 
flash often «ceeds 100 , om, 000, m that its power is enormous. Buildings, particularly high ones, are rrften struck ^y Ughtaing, but 
no harm is don^f lightni^ conductors are fitted. Lightning conductors are thin coppo* rods reaching from the top of the bwldifig 
to the ground. The poinM top of the conductor attracts the hfl^h^ng which is then camM by the restm tte rod to the ground, where 
It IS harmlessly dissipated. The popular idea that lightning never strikes twice in the same place ie quite a "**¥^*tt 
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WONDERS OF LAND AND WATER 


being struck, and he gives these figures : pscudo-acacia, fig tree, orange and explode with a loud report when struck 
54 oaks, 24 poplars, 15 elms, ii olive. by lightning and this is due to the fact 

walnut trees, 10 firs, 7 willows, 6 pine The height of a particular tree, of that all the moisture and sap in them is 
trees, 6 ash trees, 6 beeches, 4 pear course, accounts largely for its selection suddenly vaporised and the expansion of 
trees, 4 cherry trees, 4 chestnut trees, by the lightning, though it is not invari- the liquid as it turns to gas bursts the tree. 
3 cantelnpes, 2 lime trees, 3 apple trees, ably the tallest tree in a particular group Globe lightning, which is very little 
and I each of the mountain ash, or field that is struck when the light- understood, is described in another 
mulberry, alder, laburnum, acacia, ning flash reaches the Earth. Trees often part of this book. 


WHAT A DELTA LOOKS LIKE FROM THE AIR 

A u. rivers carry to the sea a largo river is called a delta. This is the name flow becomes Jess, more and more 
amount of sediment which they of the fourth letter in the Greek alpha* sediment is deposited, and the tendency 
have worn from their beds, and bet, which consists of a triangle, and is for the delta to become larger and 
unless there is a strong tide this sedi- the name w'as first given to the Delta reach farther out into the sea 
ment accumulates. In course of time of the Nile which is actually in the The Missis.sippi River brings dowm 
a number of low islands are formed on shape of a triangle. such a vast amount of sediment that 

which vegetation begins to grow, and In the Delta of the Nile as well as it has pushed tons of land far out into 
this vegetation helps to raise the level in those in some other rivers, the flat the Gulf of Mexico This delta grows 
ol the islands still more by forming plains at the mouth are traversed by a out to sea at the rate of 250 feet a year, 
quantities of vegetable mould. large number of tortuous channels, and It covers something like 40,000 square 

Naturally the islands split the river’s the effect is to reduce the current of miles, while that of the Ganges and 
mouth into a numl>er of branches, the river which moves fairly fast before Rrahmaputra in India is as large as 
Such a formation at the mouth of a it reaches the delta*. As the rale of tlie whole of England and Wale.s. 



This photograph* tafceti Inr the 


} from an aeroplane* gives a wonderful bird’s-eye view of the delta of the Mackensie 

Rim hm into Biv in Beaufort Sea. The river is over 2,500 miles long* and in some pieces four mUes wide. The 

niUet Tht pJetuw ctearlf the mud «nd iflt cairied «town wtwid the land *r^ 
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A SEA GLOWING WITH LIVING NIGHT-LIGHTS 



nreflies and glow-worms are not the only creatures that give off phosphorescent light. There are still more lowly animals in the sea 
that have the same power, and among them arc certain infusorians or protozoa, creatures of the simplest type, consisting of a single 
cell. They are known as the Noctiluca or night-lights " and their size is about that of a pin's head. In shape th^ are almost a 
complete globe, and they have a whip-like attachment which enables them to move about by lashing it. These remarkable creatures 
are the most brilliant of all marine light bearers, and sometimes they appear in such numbers that the whole sea looks like a mass of 
liquid flame. This picture shows such an appearance seen in the roadstead of Simonstown at the Cape of Good Hope some years ago. 

When these night-lights " were gathered up in a bucket and carried inside a house the little creatures lighted up the room 
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DRIVING AN ENGINE WITH COAL GAS 

It is difficult to say who really invented the gas engine, that is, the engine driven by coal gas. As is explained 
on this page, the gas engine is an internal^ combustion engine, its power being derived from an explosion that 
takes place cylinder behind the piston which is thereby driven forward. A scientist has very aptly 

called this putting the furnace into the cylinder.” A gas engine needs a heavy flywheel 


P erhaps we nuiy say that the gas 
engine had its real beginning 
about 1680, when a I'reiicli 
scientist and a Dutch inathciiiatician 
both suggested that an engine might be 
made to work by ]>ower tlcrived by 
exploding gunpowder. Nothing, he 
ever, seems to have 
been done, but a cen- 
tury later an luiglish- 
man , J ohn B a r I > (i r, 
took out a patent for 
what he called an 
cx])loder." It was 
an engine in which the 
motive power was to | 
be devidoped by ex- 
ploding a mixture of 
gas and air. But 
nothing came of the 
idea at the time, 
although it is fair to 
say that this was the 
iirst actual suggestion 
of a gas engiiK'. of 
which there is any 
definite record. 


Wasted Energy 

Not until i860, how- 
ever, w'ere gas engines 
mafle, and they were 
designed by a Frencli 
engineer, Ktienne 
Lenoir. Hundreds of 
them were made and 
usc*d both ill France 
and in England, but 
they were very w'aste- 
ful, for tliey burnt a 
great deal of gas, and 
they were not very 
efficient. 

As we know, coal 
gas and air make a 
mixture which will 
explode if a light be 
put to it. The prin- 
ciple of the early gas 
engine wa.s that the 
explo.sive mixture 
should be drawm into 
the cylinder and tlicn 
fired, whereuiion the 
mixed gases would 
expand and drive for- 
ward the'pistoo. The 
idea was carried out, 
but the difficulty was 
that the explosion 
took place .so rapidly 
that the compara- 
tively slow-moving 
pistoA could not keep 


up with the expanding gases, and so a 
great part i>f the energy of the explo- 
sion w.is conducted away as heat. 

A great step forward was mad(‘ when 
another French engineer suggested that 
the mixture of coal gas and air should be 
eompresst'd before it w'as exploded in 



These pictures show the principle on which the gas engine works. In the upper 
picture the piston has been drawn by the flsrwheel to the end of the cylinder. By 
gear wheels and cams on a shaft two valves have been opened, admitting gas 
and air into the cylinder. The flywheel then drives the piston forward, com- 
pressing this mixture of gas. Then the flywheel begins to draw the piston back 
again, at the same time moving an ignition slider and admitting flame to Are the 
gas. The explosion drives the piston back, as shown in the lower picture, 
working the crwik and giving the flywheel fresh power to eontinue rotating. 
When the piston once more comes forward it opens an exhaust valve and drives 
out the burnt gases. Then the flywheel draws it backward once more and 
the whole operation is repeated. The piston thus goes forward twice and 
backward twice for each explosion that takes place in the cylinder 


the* cylinder. This was tried and proved 
successful, for by compressing the 
mixed gases the r.ipidity of the explo- 
sion was greatly decreased and the 
etiicieiu y of the (‘iigine correspuiulingly 
increased. Other improvements rapidly 
folknved, and in the last quarter of the 
nineteenth century 
the gas engine hah 
taken its place as one 
of the grt‘at power- 
producing devices of 
industry. 

The principle on 
which it w'orks is quite 
simple, and is .shown 
ill 1 he drawings on this 
page. 

The cylinder is pre- 
vented from getting 
too hot by a surround- 
inf? jacket of cold 
water. Gas engines of 
this type can be 
worked with gas 
obtained from the 
ordinary town supply, 
but in many cases 
large works produce 
their own gas, in what 
is known as a pro- 
ducer plant, and thus 
gas engines can be 
used in country dis- 
tricts where there is 
no regular supply from 
a gas company. 


Great Loss of Power 

Of course, no engine, 
whether it be gas, 
steam or petrol, gives 
out as much power as 
is put into it. For 
instance, in an econo- 
mical engine using 
crude oil, which was 
regarded as fairly 
efficient, only 31 per 
cent, of the whole 
energy was found to 
be available for use, 
the remaining (>9 per 
cent, being wasted. 
Some of this waste in 
engines is due to fric- 
tion of the moving 
parts, other waste is 
due to a great deal of 
heat being carried 
away by the exhaust 
gases, and other waste 
by heat absorbed in 
the cooling water. 
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AN EASY WAY OF FELLING A TREE 



Here is the latest way of felling a tree. First of all a hole is dug with a hand trowel under the roots of the tree which are nearest to 
the surface, and these are then sawn through with a jointed saw, as shown in the photomph. When this has been done to the principal 

roots, the tree is ready for felling with a special jack, as In the lower picture 



Here the tree, whose roots have already been cut through by the jointed saw, is being pushed over with very litUe trouble b]r 
the special jack designed for work of this kind. The jack is propped against a stone, as shown in the picture, the other end Imnf ww^ 
Inst the tree trunk. The handle of the jack is then worked to and fro, so as to push up the front part of the jadk a ratchet at * 
if the jack has been worked upa few ratchets, the tree begins to come out of the ground, and in a minute or two the trunk has fallen. 
Such a method of felling a tree results in a great sa?ing of expense over the older method ot sawing and digging the tree out 




LISTENING-IN TO INVISIBLE STARS 



O N page 41 it is stated that there 
are 7,647 stars visible to the naked 
eye and that nearly 2.000 millions more 
have been photographed through tele- 
scopes. In addition there are millions 
more known to exist but which are 
so distant or faint that they cannot 
be detected by the most po^vcrful 
telescopes or tlie most sensitive of 
photographic plates With a radio 
telescope, however, astronomers are 
able to study stars they cannot see. 

The elementary particles of which all 
matter, including the stars, is made up 
are in a state of constant movement, 
and as a result of these movements the 
particles emit radiation, in much the 
same way that a broadcasting station 
transmits a musical programme. But 
the signal strength of radiation from 
atomic particles is very low compared 
with that from a broadcasting station. 
Nevertheless, for some years sensitive 
receivers had been picking up radiations 
which were known not to liave 
originated on the earth and, therefore, 
must be coming from outer space. 

In 1948 observers in Cambridge, 
England, and in Sydney, Australia, 
found that some at least of the radio 
waves from space were coming from 
apparently' fixed sources, and it wa.s 
decided that these fixed sources must 
be stars transmitting their energy. 
They were therefore called radio stars, 
and many have now been discovered 
and their position established. 

Astronomers now believe that radio 
stars roust be dark objects which for 
some reason do not emit light but 
instead transmit intense radio waves. 


Radio stSLTs arc known to bn present 
in large numbers in the nebulae that 
lie outside the Milky Way system, and 
it is believed that there arc consider- 
able numl)ers in the Milky Way itself. 

There arc two ways of using radio 
to collect astronomical data. (J)ue is 
by transmitting powerful radar signals 
and receiving them back as echoes from 
objects they strike in space. This 
method is limited to comparatively 
close stellar distances and has so far 
been used successfully only in the 
instances of the moon and of meteors. 

Cun.sequcntly, for radio e.xamitiation 
of the stellar .system astronomers have 
to l)e content with receiving trans- 
missions from the stars them.selves, 
and for that purpose the radio telescope 
wsis devised. Tlie radiation is collected 
or received by what is called a directive 
or beamed aerial system. The aerial 
consists of a mesh cone with its open 
end pointing to tlie sky and is so 
mounted that it can be pointed in 
various directions. The movement of 
the aerial is governed by a clockwork 
or motor drive which counteracts the 
earth rotation and ensures that, while 
tlie aerial is directed to any point in 
space, observation is not distorted by 
the earth's own movement. 

From the aerial, the radiations pass 
to a sensitive receiving set, very like a 
television receiver, l^e receiver is so 
sensitive that it can detect radiations 
from an object at a temperature only a 
few degrees above absolute zero. The 
receiv^ signals are then amplified and 
through electronic equipment operate a 
pen recorder which traces on a graph 


a line representing the strength of the 
incoming signals. 

In 1932 construction began of a huge 
radio telescope for Manchester Uni- 
versity. The telescope was joirtly 
designed by Professor A. C. B. Lovell 
of Manchester University and Husband 
& Company, a Hriti.sh firm of consulting 
engineers. 'Flie site of the telescope 
is in the middle of the Cheshire Plain 
at a place called Jodrell Bank, near 
Homes Chapel, and the cost of con- 
struction, ;£350 ,ooo, was shared by the 
Nuffield Foundation and the Depart- 
ment of Scientific and Industrial 
Research. 

The most striking feature of the 
telescope is its aerial, an enormous 
bowl 250 feet in diameter and weighing 
over 300 tons. I'he bowl is made of 
2-inch steel mesh and in its centre is 
an upright steel aerial for fixing 
positions. The lx)wl is carried on a 
long girder mounted on two towers so 
that it can he swung up or down 
horizontally, the power from the electric 
motors doing this is transmitted tlirougb 
gear wheels 30 feet in diameter. The 
towers are carried on four large bogies 
which run on a circular track 300 feet 
in diameter. The Ixjgies are driven by 
electric motors and turn the aerial so 
that it faces any point of the compass. 
The aerial can be positioned to any 
point in the sky to an accuracy of 
i degree. The total weight of the aerial 
and its equipment is 1,300 tons and 
the whole mass can moved by 
pressing a button, and the 400 h.p. 
motors can turn the aerial completely 
round in 20 minutes. 
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THE LOCK THAT KEEPS THE DOOR SHUT 


L ocks and keys of some kind have 
been made l)y men for thousands 
of years. They have been found 
among the remains of Ancient Assyria 
and Egypt, and in the Old Testament 
there are references to locks and keys, 
as when, in the Book of Judges, Ehud 
locked the doors of King Eglon's 


ing, when an ornamental gold or silver 
key is prepared, locks and keys are 
made not for show, but merely for u.se. 

One of the ’greatest improvements 
that have occurred in the making of 
locks and keys has been the reduction 
of their size, so that the keys arc much 
more easily carried in the pocket. 


200 locks in use ? ScHic are on doors, 
some on drawers, some on cupboards, 
and some on boxes. In the old days 
these would have been very costly to 
make, and so there would have been 
far fewer in a house, but now, with 
machinery, locks can be produced quite 
cheaply and rapidly. 



These pictures show how an ordinary room door-lock works. The key has an opening called a cleft with a round nick — the web— in the 
middle, as shown in the picture on the right. When the key is inserted in the keyhole and turned, one half of the bit raises a tumbler, 
which is a pivoted lever held down norm^ly by a spring In the hrst picture, where the lock bolt is drawn back, the tumbler is behind 
the ward, but is shown separately below. When the key raises the tumbler a stud on it, which was resting in a notch of the bolt, is lifted, 
as shown in the second picture, and the bolt, being now free, can be moved by a turn of the key, as in the third picture, so as to jut 
out and lock the door. As the key is now no longer holding up the tumbler, this falls and the stud drops into the other notch and the 
bolt is held securely locked. When the door knob is turned its shaft is turned also, and a lever presses on a stud on the end of the lower 

bolt, drawing this back and allowing the door to be opened 


parlour, and the servants took a key 
to open them. 

Those early locks were made of wood, 
hut later came locks of iron, and the 
Romans have loft us many which can 
be sc<Mi ill museums and collections. 
We have Roman door locks and also 
padlocks. 

In olden times locks and keys were 
made vx-ry beautiful, but now, except 
for the ctTemonial opening of a build- 

WHAT THE 


Even a hundred years ago a strong door 
lock had a very big keyi but now ^uitc 
a powerful lock lias a key that will go 
into a purse. One of these modern door 
locks with its latchkey is shown on 
Page 8i. 

We little realise how dependent we 
are on locks and keys. How many 
peoj)lc know that in a good-sized 
modern hou.se of twelve or fourteen 
rooms there are probably from 150 to 


The locks also are much simpler than 
they used to be, and consist of far hiwer 
parts, so that they do not so easily gel 
out of order. Up to the end of last 
century nearly all locks were made by 
hand, and the locksmith was a very 
important and skilled craftsman. The 
skill in connection with lcx*k-inakjtig 
has now been transferred from the 
locksmith to the men who make the 
tools that make the locks. 


INSIDE OF A STILL IS LIKE 


D istiixation is a process tluit is used 
in all kinds of indiLstries and is of 
the greatest importance in modern 
manufacture. It may seem a 
rather long and difficult word 
but it simply means a trick- 
ling dc>\\ n. \Vhy this curious 
name is given to the process 
we shall soon see. 

We can perform a very 
simple (listilling experiment 
in the home. When the 
kettle boils we hold a cold 
])late or tray against the 
spout and at once drops of 
wat«5r form on the cold sur- 
tace and soon begin to trickle 
down in a stream. T'hat is 
distillation. It is simply the 
turning of a liquid into 
vapour by heat, ami then the 
changing bjick of tlic vajiour 
into a liquid by means of 
cold. 

The process is generally 
carried out in an apparatus 
known as a still, and iU 


simplest form is shown in the picture 
here. When water is distilled in this wav 
it is turned intr> vapour or gas in the 


boiler, and this pa.sses through a coil or 
worm round which cold water is circulating 
and soon the vapour changes back to liquid 
water and tricTcles out at the 
end of the coil. By distilling 
a liquid we are generally able 
to get rid of the impurities 
dissolved in it. 

Of course, in industry, dis- 
tillation is often a complicated 
proc.ess rexpiiring elaborate 
machinery. E«)r example, a 
mixture may consist ot 
various substances that 
change into the gaseous state 
at different temperatures. 
Then these leave the boiler at 
different times a.s the heat 
increases, and can be drawn 
off separately. Such separa- 
tion is, however, rathei 
rough and ready, and abso- 
lutely pure substances cannot 
be obtained by diistillation 
alone. They have to go 
through further procewes to 
remove all the impurities. 



Distilling a liquid by changing it into the gas form by heat and then 
condensing it ba^ into a liquid by cooling it 
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EnormamajvMiceshayebeenniadprecentlvmmethodsofhandlinK railway stock The oietum an"fhi'« .»«. .u ^ , 

device wluch has recentiy come Into use. It consists of a powerful jet of watw which is shows a wmderful railway 

« sug« beet The side of the truck is let down, as shown l^e pi^ M^hlSIhe je1^w“tet^tt^S3^^ 
thing is washed out of the truck in a minute or so. In this way a vast am”” J *»« contents every, 

course, the power of a jet of water under high pressure is very g^t faidw? iSd X?TtWs unnece^. Of 

cannot be made to pass through, owing to the fonJ^ the water, which is t^ life a soKrtteuSl:? crowbar the bar 


FRANKLIN PROVES THAT LIGHTNING IS mCTRICITY 




producvd 1^ ma electrical 
- j come time nothiikt Happened, 
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Marvels oFChemistrt&Physics 


A CHEMIST’S INVENTION FOR THE HOME 

When Bunsen, the German chemist, invented the gas burner that is called after his name, he did so lor 
the convenience of chemical students in university laboratories. He little thought that his invention would 
prove a boon and blessing to millions of homes, yet without the Bunsen burner we could have neither gas 
cookers nor gas fires. On this page the interesting story of the Bunsen burner is retold 


W HKN we hear the Jhinson 
burner, we |>erha))s think that 
this is something whicli roii 
ccTns only the chemistry class at school 
and has no relation to our <‘vcryday 
life Hut we should all b<* very badly oil 
wen.' it not for the Hiinsen biirmT, which 
is found in nearly all our lioincs and, in 
many houses, is in use in tivery room. 

What is the Thinsen burner ? Well, 
it is a special device for making a gas 
(lame very hot — far hotter than it 
iVonld be if we burned the coal gas 
thal comes through the pi])e from the 
gasworks without the aid of this device. 

When coal gas burns from an ordin- 
ary old fashioned burner it gives a 
luininons llame. and as we know from 
blackened ceilings, a great deal of soot 
is deposited during the burning. Wc 
can prove this veiy ck^arly by holding 
a white plate in the gas llame. At once 
the plate is coated with soot 

Soot Brightens the Flame 

Now it is really this soot that causes 
the bright ni'ss ot the naked ga.s flame, 
lor the jiarlicles of carbon making up 
the soot l)ecome incandescent in the 
llame and give this its hiniiiiosity or 
brightness 

If we have seen hydrogt^n gas hnrning 
we shall know that it gives a practically 
flour less flame Mut if we blow fine 
•articles of soot into the burning 
ydrogen gas, the flame will at once 
■econie luminous by the incandescence 
f the carbon particles 
If more oxygen be supplied to a coal- 
gas flame it lo.ses its luminosity, because 
the flame becomes hotter and the car- 
Ikui is all burned up. And that is what 
the Ibinsen burner does. It is a <levict 
for supplying air, 
which contains oxy- 
gen, to the burner so 
that this will mix with 
the coal gas, secure 
more perfect com- 
bustion, and increase 
the heat of the flame. 

Air enters through a 
hole or scries of holes, 
being sucked in by the 
current of gas as it 
rushes from the yozzle 
at the bottom of the 
burner. The mixture 
of air and gas a.scends 
and burns at the top of 
the tube. The flame is 
very hot but all parts Ways in which v 
of it are not equally the gas to give a 
hot. The central part 



A Bunsen burner showing how air mixes 
with the gas to produce a very hot flame, 
the various parts of which are at 
different temperatures 



use the Bunsen burner in our homes. Air 
hot flame in the gas cooker, the incandescent 
gas ring, and the gas Are 


of the flame, the most luminous, is 
about 300 degrees exudigrade. the tip 
of that part of llie flame is much 
hotter — about 1,000 degrees, while the 
almost invisible part outside is as higli 
degrees centigrade 
As can be iinder.stood such a hot 
flame is particularly useful for heating 
and cooking purposes, and so it is used 
ill gas tires and gas cookers and gas 
rings in the home, where it is a dis- 
advantage to have the production of 
soot with the llame, It is really the 
invention of Hinisen thal has nuule pos- 
sible the general use of gas in the home. 

How the Gas Mantle Came 

It is the Bunsen burner, loo, that is 
user! with the incandescent gas mantle 
Had this great boon not been invented 
gas as an ilhmnnaiit would have been 
practically dead by now. for compared 
with t lie incandescent burner and tlie 
electric light, it is not only inferior 
from the himinous point ol view, but 
produces so much soot that ceilings 
and walls soon get blackened and need 
to be whitewash(‘d and papered 

A (iernuin chemist, Auer von Wets- 
bach, was experimenting with the 
rare metals of the thorium group when 
he lound that certain compounds 
became brilliantly luminous wImmi held 
in a lUinsen flame. The fabric was 
consumed but the ash gave the bright 
light. It was the beginning of the 
incandescent mantle. Welsbach fountl 
that a better result still was obtained 
by adding to the thorium 1 per cent 
o\ a coni]>ounrl ol cerium, and mantles 
are now made of those substances 
It is interesting to know how liunseu 
came to invent the burner that goes by 
his naim;. In 1S53 Sir 
Henry Roscoe,* the 
ICiiglish .si’ioiitist, took 
to Heidelberg, wheVe 
Bunsen was a professor, 
a gas lamp used for 
heating purposes in 
13 iiiversity C', o 1 1 e g e . 
I.A)iidon. It’s tempera- 
ture was often low 
and Bunsen siiid : 
" Roscoe, I am going 
to make a lamp in 
which the mixture of 
gtis and air shall burn 
without any wire 
gauze.** 

lie made many ex- 
periments, Olid two 
years later produced 
his burner 


is burned with 
g«s burner, the 
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HOW THE ELECTRIC TELEGRAPH WORKS 



The picture on this page shows the principle of the electric telegraph. By pressing down the key at the sending office an electric circuit 
IS comideted and the current flo^ from the battery or other electric source through wires across country to the receiving stationf 
where the current magnetises the iron cores of electro-magnets and attracts a soft iron armature. At the o^er end of the armature is a 
needle which presses a paper tape against an inked roller, making a mark. The message is sent in Morse, a series of dots and dashes 
obtained by me sender pressing his key up and down for longer or shorter periods. The paper tape runs through rollers moved by 
^cloclprork. The electric current returns to the other station through the earth. Messages can be sent in either direction. By means 
of a sounder at the receiving office, messages also can be read by ear, the dots and dashes being reproduced in a microphone 
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SHELL THAT IS EXPLODED BY ITS TARGET 

I N sea and land warfare, a shell is Nevertheless, even with predictor- the radio-proximity shell was a small 
exploded by striking its target, the controlled fire a shell will explode closer radio transmitter which sent out radar 
impact of the shell operating a to the aeroplane only if the aeroplane impulses while the shell was travelling 
fuse in the nosecap and so firing the continues dving on a straight course, up to its target. When a solid object 
explosive charge. If both the gun Even a small alteration in course may such as an aeroplane came within range 
firing the shell and the target against mean the shell missing its target by of the radar impulses, the impulses 
which it is fired are moving, range- several hundred yards. were reflected back to the shelf and 

finders allow for the relative speeds lliroughout the First World War and picked up by a receiver in the nosecap. 
between gun and target, so giving a during the first five years of the The impulses were then amplified and 
chance for the shell to make contact. Second World War, millions of anti- caused an electric switch to close, so 
It is a very different matter when aircraft shells were wasted because actuating the fuse, 
guns have to fire at aeroplanes. If a they exploded in the sky without By adjusting the receiving apparatus 



This picture diagram shows how a target explodes shells fired against it In Fig. i the shell has been fired in the path of an approaching 
aircridt and the fuse is transmitting radar signals. In Fig. 2 the signals have reached the aircraft and are being echoed back very weakly. 
Fig. 3 shows the aircraft close to the shell, when the reflected signals are strong enough to actuate the fuse. In fig. 4 the reflected 
signal has exploded the shell and fragments from it have wrecked the aircraft. In the smaller diagrams the unbroken circular lines 
represent the signals transmitted the fuse, and the dotted circular lines represent the radar signals reflected back from the aircraft 

long-range anti-aircraft gun is firing damaging the aircraft against which it is possible to decide beforehand the 

at a fast, high-flying aircraft, the they were fired. Countless thousands distance at which the reflected radar 

aeroplane will have travelled forward of shells passed within a few feet of impulse shall explode the shell, 

maybe as far as a mile by the time aircraft without harming them because Electric current for suppl3dng the 
the shell reaches the point where the they had been fused to explode above transmitter and receiver is produced 

aeroplane wa.s when the gun fired. the height at which the target was by fitting a small propeller only two 

Anti-aircraft shells have time fuses actually flying. inches in diameter in the nose of the 

which can be set to explode at any Yet if an anti-aircraft shell could shell. As the sliell travels upwcurds 

particular time after the shell leaves be made to explode within even 70 from the ground the wind pressure 

the gun. In order that the shell shall yards of its target there would be a revolves the propeller 100,000 times a 

explode at the right time' and in the good chance of damaging the aeroplane, minute. Attached to the propeller 

rightpartof the sky to hit the aeroplane. What was required, therefore, was a shaft is a tiny dynamo which thus 

& predictor is used to calculate the fuse which would automatically explode generates the current for the radar 

height of the target, its speed, and the when it passed near to the aircraft ; transmitter and receiver. Eadio- 

angle at which the gun must be laid for the only way to do this was to make the proximity shells incorporate a time 

the shell and target to meet by the time aeroplane explode the shell fuse so that if the shell is not exploded 

the aeroplane reaches the point in the Great Britain eventually solved the by passing close to the target it will 

sky where the shell is fused to explode, problem in July 1944» when radio- go off soon afterwards ; this prevents 

This information governs the setting of proximity shells were used against the it from damaging friendly aircraft or 

the fuse before the shell leaves the gun. German flying bomb. In the nose of falling to the ground and exploding. 
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EXPERIMENTS IN THE ART OF BALANCE 


W K know that stability of balance 
depeiuls upon the centre of 
gravity being low down in a 
body, 'liie higher it is the more likely 
is a body to topple over. This is ex- 
plained fully on page 34. 



and put a stout pin into the centre ol 
one end. We then stick the open blades 
ol two penknives of equal weight into 
the loose cork, one on ea<‘h side, and 
adjust the handles in such a way that 
we can support the pin on the needle* 
point, as sliown in the picture. We 
open or close the knife blades more or 
less till the pin rests exactly horizontal. 

Now by blowing on the cork that 
holds the knives and pin we can drive 
it round on the point of the needle, 


Now wc can pertorm a number ol 
very interesting experiments to prove 
this principle. For cxainiilc, if we take 
a well-sharpened lead pencil we can 
balance it on its point on Ihe tip ol our 
finger. Hnt in onler to do so we must 
use a penknife in the mariner shown 
in the first picture on this page. We 
partly open the peiikiiifc and stick tlie 
point of the blade into the pencil. 
'J'lie knife and the pencil then become 
one object, with the centre of gravity 
ill the lieavy handle of the knife, and 
so the [lencil can be quite easily bal- 
anced on the fing^'r. 

A rather more <lilliciilt balancing teat 
can be carrieil out as hallows : we take 
an ordinary vinegar bottle cork and 
stick into its centre a needle with the 
point uppermost, taking ciire that th(' 
needle is porlectly perpendicular. Then 
we put the cork into the bottle. 

N<'xt w»e take another similar cork, 





Three forks balanced on a bottle neck 




. j A, 


Another experiment is to pour liquid 
from a bottle with three forks stuck 
into a cork balanced on the nock. 

If we have no candlestick, and yet 
want to place a lighted candle where it 
will be safe, we can do this in the way 



A penny balanced on a needle point 

and the n<*edle, being of harder metal 
than the pin, will bore a hole through 
the pin. 

Another good balancing experiment 
is to spill a ]>cfiiiy upon the point of a 
needle. We l>end a hairpin or piece ol 
wire in the shape shown in the picture, 
and fit one bent end round tin? iK‘iiny. 
On tlie hook .at the other end of the 
wire we liang a fairly heavy ring. Then 


Boring a hole through a pin 


if thes(5 things are well balanced, the 
penny can be suptxirtcd on the )x>int 
of the needle, as smiwn. and by blowing 
on the ring we can drive the whole com- 
bination round. Here again the needle, 
if sharp, will make a hole in the coin. 


A glass of water as a candlestick 

shown in ihe top right-hand piclua* 01 1 
this page. The candle being mucli 
lighter than water will float, but it 
will not float upright, iiiiloss we pre- 
pare it by lowering Ihe centre ol 
gravity. Tliis w^e do by inserting a nail 
ill the lower (*nd, which acts as ballast, 
and brings the centre ot gravity low. 

I'hero are many variations ol these 
balancing experiments which wt‘ can 
invent for ourselves. I'he last picture 
on this page shows .'mother hit enisling 
experiment. We stick the blades rit 
two penknives into <1 black-lead pencil 
and tlien balance the lead on the point 
of a needle in a cork. When this com- 
bination is in position, we can balance 
another black-lead pencil iipriglit on 
the end of tin* first one. To do this wc 
stick two pen nibs into opposite sides 
of the pencil and the ]>enholders then 
bring tlie centre of gr.'ivity low down,, 
so that it will balance quite easily. 




A complicated balancing experiment 




THE SUBMARINE BELL THAT WARNS THE SHIP 



Water is a good conductor of sound, and this fact is made use of in order to warn ships when they are approaching dangerous places. 
In some parts submarine signals are arranged. A bell attached to a buoy and suspended in the water is rung automatically by mechanism 
worked by compressed air or electricity. Ships that travel regularly in these parts carry a receiving apparatus. There are two iron 
tanks in the bows of the ves.sel, one on each side. These are filled with salt water imd the ship's outer plates form one side of each tank. 
Suspended in the tanks there are microphones connected with telephone receivers in the pilot house. An officer, on placing the 
telephone receivers to his ears, can hear sounds of the bell even fifteen miles away. By listening alternately to the sound from one tank 
and then from the other, he can locate the direction of the bell. Sometimes the submarine bell is suspended from a lightship and some- 
times from a tripod on the sea bed. Such submarine signal stations are found on the shores of Canada and also in the St. Lawrence 
River. In the picture the tank with the microphones is shown enlarged in the bottom right-hand corner 


THE STRANGE BEHAVIOUR OF A PIECE OF ICE 


W nv ilo boys, when thov aic 
playing snowballs, take 
up a haiulfiil of snow and 
press It closely betwiMm their 
1\vo hiimls before throwing it? 
riiey know that this will make 
the loose snow into a I'oni- 
pai't ball which will not break 
up in its journey through the 
air. 

Ihit why does the snow hold 
together When it is pre.sHed in this 
wav ? Well, the great Eng- 
lish scientist. Michael Faraday, 
w'as the first man to discover the . 
reason. It is due to a principle 
known as regelation. which 
means freezing trgain. a name 
given to it by John Tyndall. 

If two pieces of ice, the outside 
surfaces of which are about to 
melt, be laid on one another, 
freezing at once sets in, and the 
two pieces become one so that 
if wc lift, the upper piece the 
lower one will be lifted with it. 



How a string makes its way through a block of ioe 
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We can carry out an interest- 
ing experiment to illustrate re- 
gclation. If wo rest a piece of ice 
on two supports and then hang 
over the top of it a .string with 
weights on the two cuds, the 
string w'ill slowly travel through 
the ice and fall nut at the bottom, 
leaving the ice a solid piece as it 
was before. “The pre.ssure of the 
string generates sufficient heat to 
melt the ice immediately under 
it. but as soon as the siring has 
passed through that part of the 
ice. regelation sets in and the ice 
freezes together again. This takes 
place right through its thickness. 

When we pick up loose snow 
from the ground after there has 
been a heavy fall and press it 
together in our hands, the heat 
caused by our hands and the 
pressure brings the flakes of snow 
to the melting-point. Then as 
the pressure continues the Hakes 
freeze together by regelation. 



KING PENGUINS GOING FOR A STROLL 



*'*?•*** »®*“* ®* th«n «« small, but the Kianta of the family are the mti g and 

*"• ?lf* P‘F^* ** •** *•'* ®"K penguins in their customaiy attitude. Thqr are most ■«««»«> 
^ ili?r ?*•”**>* p^Uon th^ 1^ just like ratiwr pompous old gentlemen on their di^ty. Their eupres* 
siofM and ratsed beaks hdp the lUuaon. In their native haunts King penguins live on Mw^ti crustaceans. softJbodied molluaes and 

In captivity, h^ever, they live on fish, but they sirill never pick up a fish from the ground or oven’ take 
It from the water, so in noos they always have to be hand fed by the keepik One pe^ win eat s^^ Sari^ ^ 
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THE PENGUIN AND ITS QUAINT HABITS 

The ^nguin js a curious bird. It does not fly, it can swim (aster than a ship steams, and when it walks slowly 
and clumsily in a perfectly erect position it loob very much like an old ^ntleman. But if it gets alarmed it 
throws itself down at once upon its breast, and pushing itself along with both feet and wings travels at an 
astonishing rate over the ice. On this page we read many interesting things about the penguin 


O F the many varieties of birds that 
exist none is more quaint in 
appearance and habits than the 
fienRuin. It hardly looks like a bird at 
all, and when it struts along solemnly, 
moving the flappers that are the re- 
mains of wings, it has the appearance 
ot a very dignified old gentleman, wear- 
ing a white waistcoat. 

But though the penguins move slowly 
and clumsily on land, except wheii 
they slide down an icy slope, like boys 
tobogganing, they can move fast enough 
in the sea, where tlu^y are quite as 
much at home as .sea creatures such as 
the porpoLse and dolphin. Indeed, in 
southern latitudes, when a numl)er of 
pinigiiiiis are seen in the water, they are 
often mistaken for |)orixjises or dolphins. 

Of course they go into the water to 
get their food, and in collecting it they 
are surprisingly active. They eat fish, 
crustaceans and molluscs, aiid in the 
hunt go long distances from land. In 
swimming they keep their feet stn*tche<l 
out behind, and never use them for 
the purpose of propelling their bcKlies 
tlirough the water. It 

is with their fin-like 

wings that they swim, 
and their rate "of pro- 
gress through the water 
IS astonishing. Indeed, 
they can swim as fast 
as many other birds can 
fly ill the air. I.argc 
parties of penguins 
nave been seen travel- 
ling through the waves 
with a spited surpassing 
lliat of a swift shix>. 

BoaMliaped Bodies 

The shape of their 
body lielps them to 
travel quickly in the 
water, as it is the shape 
of a l>oat. The penguin 
has no quill feathers on 
its queer wings, which 
arc covered with veiT 
small feathers, remiiul- 
ing one of the scales of 
fishes. Their whole 
structure suggests that 
penguins are dwellers 
in the water ral her than 
in the air, and' their 
skeleton corresponds, 
to a large extent, with 
their outward form. Here is a livii 
Their bones are hard, species. It wi 
thick and heavy, mid do sponding with 
not have, air cavities which seems t 
like flying birds. of 


They arc inhabitants of the Southern 
llcmi.sphcre. but their range extends 
from the Equator to the Antarctic. It 
is in th(5 Antarctic, however, that tlie 
largest penguins are found. I'he biggest 
of all is the emperor penguin, whose 
home is the icy barrier round about the 
South Pole. The king penguin, though 
not quite so large, is found over a wider 
cirea. It lives in large numbers in the 
h'alkliind Islands, the Straits of Magel- 
lan, Kerguelen, and the islands oti the 
south of New Zealand 

Class-Consolous Birds 

On some of the South I’acific islands 
as many as thirty or forty thousand pen- 
guins have been seen together 1‘hey 
arrange themselves in ranks like a 
regiment of soldiers, and the strange 
thing is that they divide themselves 
up into classes, the young birds being 
all together in one place, the moulting 
birds in another, the sitiing hens in a 
third, and so on. Sir J. C. Ross tells us 
that a moulting bird is always driven 
away by those that are clean. 



Here is a living specimen of the king penguin, and a skeleton of the same 
species. It will be seen that the bones of the body are very thicloset, corre- 
sponding with the habits of the bird. But who, looking at the living bird, 
which seems to have no neck at all, would think that it has the same number 
of bones in its neck aa has the ostrich or flamingo ? 


The penguin makes no proper nest. 
Indeed, mo.d. of the species make no 
iiesl at all The crested penguin or rock- 
hopper of the Falkland Islands, how- 
ever, makes a shallow depression in the 
.soil and sometimes lines it with a few 
stalks of dry grass. Then it lays two 
greenish-white eggs about the size of 
those of a duck, and in incubating 
these both the male and the female 
take a share. Some other kinds of 
]>Lmguins, however, such as the king 
{Huiguin, lay but a single white egg. and 
this is hatched by keeping it close be- 
tween the thiglis. If the bird is ap- 
proached during the time of incubation 
it moves away, carrying the egg with it. 

An explorer says of the king ]3cnguins : 
“In pride these birds are not surpassed 
even by the peacock, to which in beauty 
of plumage they are indeed very little 
inferior. During the time of moulting 
they seem to repel each other with 
disgust on account of the ragged state 
of their coats, but as they arrive at the 
maximum of splendour they reassemble, 
and no one who has not completed his 
plumage is allowed to 
enter the community. 
Their habit of fre- 
^quently looking down 
their front and sides in 
order to contemplate 
the perfection of their 
superior brilliancy, and 
to remove any speck 
that might sully it, is 
amusing to an observer. 

Fine Feathers 

“ During the time of 
hatching the male is 
remarkably assiduous, 
so that when the hen 
has occasion to go oil 
to feed or wash, the egg 
is transported to him, 
which is done by placing 
tlicir toes together and 
rolling it from one to 
the other, using their 
lieaks to place it pro- 
perly. The hen keeps 
charge of her young 
nearly a year, arid in 
teaching them to swim 
has frequently to use 
some artifice, for when 
the young one refuses 
to take to the water she 
on of the some it to the side of 

ihick-set, corre- ^ “d pu.shos it m, 
the living Mrd, this is re|xiated 

le same number until it takes %o the sea 
igo ? of its own accord." 
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STRANGE FREAKS OF PLANT GROWTH 



There are plant as well as animal Ireaks and here are some, i atid 2 are specimens of fasciated growth in ^paragus— -that is, where 
separate parts grow together in fasces or bundles; 3 shows potato tubers growing on a leaf stem ; 4^ a foxglove with several flowers growing 
together; 5, a pitcher-shaped pelargonium leaf; 6, twin oak trees ; 7, yew leaves growing together spirally ; 8, a turnip with leaves growing 
inside it ; 9, a dandelion with many dorets ; xo, a rose with a stem extended from the blossom ; ii, twin mushrooms; X2, a pwr witn 
strangely swelled axis ; 13, a strawberry with a leaf stem growing from it ; 14, a rose with the sepals as leaves ; 15 and xo, 
twins ; 17, six broccoli heads on one stalk ; 18, polyanthus leaves and flowers mixed up ; 19, twin teasel flowers ; 20, an Bpple witn 
a swollen stalk ; 21, a cabbage with leaves reduced to mid-ribs ; 22, a rose with sepals replaced by leaves ; 23 and 27, unusual develop- 
ments of fern fronds ; 24, a strange pink ; 25, a primrose flower changed into leaves ; a6, a fasciated growth of lettuce ; 27, see 23 
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in the left-hand picture we see what life was like in the Oeronian period of the Earth'* hi«»nr. .k-..* •.•• 

fishes had inveased in variety and sise from the Silurian petit^p^u^ to w M **®- Shark-like 

enamelM scalM and tails quite different from modem fish-tails. There sm^so’areatmS^JMl^iMSii^ lou)^ M ganoids, with 
Sro-urchins, moUuscs, star-fishes, sea-lilies, corals and monges ”i ^il!^ .ndfd H^Iifo •"** t««thed 

plants aUied to the club-mosses and horse-tails grew on land. Onfe Sht W^the^ei *«“« fems and 

ye« ago. This was when the forests that for!^ the coal w^ *5®“* *3 milUon 

dub mo^ as big as trees. Insects, myriapods, scorpions, and mideta crawM about •»i»e-t»il» and 

*^**** most notable development was the aiqiearance of amphibian creaturn that cbuM t; ^ ^****^ ^*^*** **i*f ed to our modem 

resembled lizard, and salanmnders Ld one of them^taown a. 


A NUT THAT EXPLODES WITH A BIG BANG 


P T.ANTS have all sorts of ways of 
insuring that their race shall l>c 
carried on. and that the seeds 
shall be dropped or transported to such 
situations as shall help them to grow 
and develop and obtain proper food 
supplies. Some of these methods wc 
have already seen on pages to and 02. 
In one ca.se they had wings or a para- 
chute which enabled them to travel 
through the air to suitable places for 
germination, and in the other examples 
the .seed cases exploded or burst open 
with a spring and shot the seeds some 
distance from their parents. 

One of the most remarkable of these 
explosive seed cases is that of a tree 
that grows in the West Indies and in 
the tropical parts of South America, 
and is known to men of science as Hura 
crepitans. Its popular name, however, 
is much more picturesque, for it is 
called the Monkey’s Dinner Bell, and 
we shall see why it has been given this 
curious name. 

A Remarkable Provision of Nature 

The monkey’s dinner bell produces 
from its flowers a hard shell which is 
sometimes railed the sand-box nut . The 
walls of this nut are far too hard for any 
seed to c.scape from, in the ordinary 
way, and so to help the seed Nature 
has made a remarkable provision. 

The Hura tree grows in the thick 
forests of Guiana and elsewhere, and 
if the seeds simply fell round their 
parent tree, as do the seeds of many 
of our English trees, the soil wtiuld soon 
become overcrowded . The seeds m igh t 
germinate, but there would not be 
room for all the trees to grow, and so 
they would be choked. 

How has this difficulty been sur- 
mounted by Nature ? Well, when the 
nutshell becomes dry it explodes with 
a loud report, and the .seeds inside are 


hurled out to a considerable distance 
from the parent tree. The nut is in 
fourteen compartments, each contain- 
ing a single kernel and generally all the 
compartments of the monkey’s dinner 
bell explode together, so that the ker- 
nels are scattered all round. I'hey are 
thrown to a distance of as much as fifty 
feet. The explosion i.s due to the 



The Monkey's Dinner Bell nut 


dryifig and contracting of the cell walls. 
These are strong, but at a certain point 
the contraction becomes t(x) great for 
the strength of the material and the 
layers of w-hich the cells arc composed 
give way with a jerk and a loud noise. 

At Kew Garden.s, where they have 
monkey's dinner bells, they have to 
take precautions to prevent explosions 


which might lead to damage. Some of 
tlie nuts are kept in liquid and this, of 
course, prevents tliem drying. Others 
that are allowed to dry are bound round 
with strands of stout copper wire. 

It is the same idea as is carried out 
when the manufacturer covers with wire 
thos (7 large glass bottles in which we 
can make soda water in the home. 
'The wire is there to prevent the* frag- 
ments of glass flying about and doing 
damage iu case the gas explodes the 
IxTttle. So the copper wire round the 
monkey's dinner boll prevents the pieces 
doing cl a mage should the nut explode. 

A Nut Alams a Household 

That this strange fruit can do damage 
has been proved over iincl over again 
Some years ago a gentleman in London 
received some specimens of various 
nuts from a relative in British Guiana. 
Among them was the fruit of the Hura 
crepitsins, which was placed in a gla.ss 
case on the mantelpiece. 

One night the gentleman heard a 
loud re]>ort as though a pistol had 
bec‘n fired. Not only he, but the other 
inmates of the house were alarmed. 
'The report was followed by a sound of 
falling glass, and everyone thought 
that some miscreant had fired through 
a window. No window was broken, 
however, but on the floor in front of 
the fireplace were fragments of broken 
glass, and on looking up the gentleman 
saw that the glass case was .shattered 
and the nut missing. 

When he came to examine the room, 
he found all fourteem kernels in diflerent 
places. 

Travellers tell us that when the nut 
of the Hura crepitans explodes in the 
South American forests, the report 
startles the monkeys resting and climb- 
ing in the trees round about, and thi^y 
scamper off in terror, hence the name. 


WHICH IS THE BIGGEST TREE IN THE WORLD ? 



We see on pi^ 59 one of the giant sequoia trees of California, which is the biggest living thing in the world. But its sisc consists 
prindpally in its great height. There are trees which cover a far greater area of ground, and the biggest tree in this sense is the bai^an 
tree, a member of the fig family. It is an Indian tree, and its spreading branches develop hanging roots which erow down, take nrm 
hold of the soil and increase in size. In this way the tree spreads and spreads till some Imyan trees have been found with moie than 
350 stems, each of them as thick as a large oak, and 3,000 smaller stems. The tree shown in the picture is believed to be the biggest 
banyan tree in the world. It stands in the Botanical Gardens at Calcutta, and under its spreading branches it is said that io,ooo people can 

gather. The tree is xoo feet high and 857 feet in circumference 
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THE LIFE STORY OF THE DRAGON-FLY 



insects. Dtre^j it sees its prejr, « long lip witn pincers at themd is f creature that preys on aquatic 

Sihi .y .7^ *** ^2?*^ 5?* «**'•***"« •1' iuspended in it. When & wmtoto ccm^fim *7*“ *“"• fcf 

winch dims It forward. The larai eheds ite skin sereral times and beeo^a ***2^ iL2**?*7 **®«« **» body, 

pyf art wmged msert. When the njrmph is ready to do this it climbs a r««««* the drM!?n7^R?^ ]"*2®b, later, chances into i&t 
•ate 00 in sM of pray. It now ^ powerful jaws and catchw ^*mo«is^dto^jiPl ■‘S**’ S** **“ *nt«m.0r5»rMs tM 
While it can do no harm to human beii^ or animals, 0 






THE GREAT DESERT WHERE THE SANDS SING 



«P «n^Tla« sSown^^*"*Sucfcf »o^ *h **'*'T*J**” ^ «leaert, coining from underneath 

and the Arabian Desert, and an explaiwtion su*^^bro^tr.^i.r '**?’ ^ «*• «>« »««»* «»* CoW- 

Munds m due to the moeement o? the sand parti<^ u th^^i^^d.!rfi£7? *2 **® opposite page. There is no doubt at all that the 

dope. When the sounds «e coming from under the ground the“s«dT«t”“ rft2?ei"^ dtatiS^^SftiTe Ks'SSii* “ ‘ 
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THE MYSTERY OF THE SINGING SANDS 

Have you ever heard the sands sing ? It may seem a strange question, but in certain parts of the world there 
arc wide stretches of sand which, as you walk over them, give out more or less musical sounds. There is a 
great deal of mystery about the phenomenon, but here are some interesting facts about the singing sands 


A s tar back as the thirteenth cen- 
tury travellers in desert regions 
noticed that in certain places 
the santls, when walked over, gave out 
a singing or huinining sound. Marco 
Polo, the Venetian. wJio travelled in 
the Par past tells us that, in travelling 
across the sands of the Gobi Desert, 
" sometimes you shall heai the sound 
of musical instruments and still more 
commonly the sound of tiriims.” 

h'or sc\ *?ral centuries 
tlus was thought to 


two minutes. It was as if a largi* 
number of ships* sirens w^erc being 
sounded at the same moment. 

" 1 rn.shed out of my tent to sec what 
was liappening, and found that one of 
my men had set the concert going by 
walking up a veiy' steep shipe of loose 
sanrl. I walked up to the top of the 
rifige myself, and found that 1 also 
could produce the same concert effect 
at will by setting large masses of sand 


in motion dj>wn the hill. Each time the 
music lasted about two minutes, and 
stopped when the sand ceased moving 
dtnvn the slope. On one occasion 1 
plunged down the incline after the 
booming had started, and found that 
the whole surface of the .sand was 
throbbing and pulsing under me. 
And when I thrust my arm into 
the singing mass, and drew it out, 
it was follow'ed by a deep-drawn 
wailing sound as (»t 
a trombone.” 


bf?. merely a traveller's 
iaie, but Sir Aiirel 
Stein, who travelled in 
the same legion in tin* 
twentieth lentiiry, 
say.i, ” W’e all tinly 
heard the faint sound 
like that of distant 
carls rniiibling '* 

Strange Sounds 

Ihit this strange 
property of the saiuls 
IS not confined to the 
Gobi Desert. Hritish 
travellers in Pens i a 
have heard startling 
noises from under- 
ground when travel 
ling across the desert 
->ands, and one de 
•^cribes them as like 
the wailing (»f an 
Aeolian harp, or the 
•>(>imd occasioned by 
the vibrati«ni ot 
several telegraph 
wires, very fine at first, 
but iiKr'»asing every 
immient in volume 
:ind intensity. It is 
'.aid that tins nobe, 
whicli often lasts for 
cin hour at a time 
can be heard in still 
weather at a distance 

ten miles. 

Mr. il. St John 
Phil by, who crossed 
the great Arabian 
Desert in 1932, heard 
the strange sounds, 
which tlie natives at- 
tiibuted to evil spirits. 

” One warm after- 
noon,** he says, 1 
was resting in mv 
tent when suddenly 1 
lieard an amazing 
booming sound, very 
loud and very musical, 
which lasted about 



Mr. Philbv believes 
these sounds were 
produced by the torina- 
t i oil of a V a c n 11 in 
between the moving 
sand on the surface and 
the stable sand below. 

In the penin.sula ot 
Sinai there is a sand 
hill w'hich is known as 
the Hill of the Hell or 
(fong, W’hich gives out 
a sound like that of a 
humming-top, rising 
and falling and then 
dying aw-ay. The 
sound occurs when 
the traveller is moving 
over the sands, and it 
is believed in sonic 
cases to be due to the 
combined sounds of 
countless grains of 
sand knocking 
together as they arc 
dislodged by the pres- 
sure of the traveller's 
foot from above. 

A Hum, then a Roar 

One traveller tells 
ns that the friction 
produced between the 
grains first causes a 
murmuring hum, 
which later passes into 
a roar like that of 
thunder or the boom 
of a distant cannon. 
The sand must be dry 
to produce this noise, 
which is always louder 
ill the dry season than 
when there is moisture 
in the air. 

The sounds vary in 
different parts of the 
world. In Hawaii the 
sand hills are said to 
“ bark," and Hugh 
Miller, the geologist, 
declared that on a 
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musical beach in the little island of 
Eigg in the Hebrides when he walked he 
heard a shrill sonorous note, somewhat 
resembling that produced by a waxcil 
thread when tightened between tlie 
teeth and the hand and tapped by the 
nail of the forefinger. *' As we marched 
over the drier tracks,’* he says, " an 
incessant woo-woo-woo arose from the 
surface that miglit be heard in the calm 
some twenty or thirty yards away.*' 
Similar sounds have also been "heard 
at Studland Bay in Dorset, and in 
Wales, as well as* on various European 
and American beaches. 

'flie .sounds ejn a moi.st beach by the 
sea are caused in a diflerent way from 
those on the sandy tracks of tlie desert. 
One llieory is that the music is produced 
by the bubbling of air between the 
nioistened surface of the grains of 
sand where they have sufficient play 
to enable them to slide over one an- 
other. Another theory is that the sand 
grains have a thin film of air condensed 
on the surface, and these films form 


elastic cushions of condensed gases 
capable of considerable vibration, which 
sets up sound waves. 

W'herever there arc singing sands 
people standing on them have a curious 
sensation of vibration. Travellers tell 
us that there is a tingling in the feet, 
and sometimes they are even swayed 
by these vibrations. 

The Vibration of the Sands. 

Lieutenant Newliold says this happens 
at the Hill of the Bell in the Sinai Pen- 
insula, already referred to. He heard, 
he says, first a faint rustling sound, 
then a low. deep, distant, musical tone, 
whicli became more and more distinct 
and apparently nearer, till at last the 
fast-repeated notes sounded like those 
of a deep mellow church or convent 
bell and the vibrations of a stringed 
inslrunic‘nt. 

When tlic sands were again disturbed 
llie sounds took up a more treble ami 
prolonged tone, resembling the wild 
strains of jin Aeolian haq>, but gradu<ally 


became deeper and louder till at length 
they rivalled the continued tumbling 
of distant thunder. When the lieuten- 
ant sat down he felt the sands on which 
he sat tremble in distinct vibrations. 

” The sensations imparted by the 
vibrations,** he adds. “ were most 
extraordinary ; I can only compare 
them with those likely to be experienced 
by a person seated on the body of some 
enormous stringed instrument while a 
bow is .slowly &awn over its chords.” 
The sounds and vibrations wont on for 
about a quarter of an hour, and when 
the last motion of the sand had ceaseo 
there was silence once again. 

It is 11* )t surprising that the natives 
who live in the regions where the 
singing sands are found believe that 
the sounds have a su|H?rnatural origin. 
Li>rd Curzon tells us that at Kabul the 
people believe that the sounds of some 
singing sands in that region are caused 
by mysterious horsemen shoeing their 
horses and berating their drums in a 
great cave somewhere under the ground. 


HOW A QUAKING BOG IS FORMED 


T here are in diflerent parts of the 
world what are known as 
quaking bogs. These consist of 
apparently di^ land which will support 
not only animals and human beings, 
but loaded vehicles as well. Sometimes, 
indeed, they will even take a 
railway. But the surface 
never becomes quite firm, like 
ordinary solid land. It always 
gives a little when heavy 
vehicles pass over it, and the 
French call it by the name of 
” trembling prairie.” What 
is the cause of the quaking, 
and how does such a forma- 
tion come into being ? 

Well, originally the quaking 
bog was a lake, and on its 
edges grew a plant known as 
sphagnum, which is a kind of 
moss, with long thread-like 
steins. This moss soon spreads 
where it gets suitable moist 
conditions, and while it is 
living and growing at one end 
it becomes more or less dead 
at the other. The deiid por- 
tions, however, do not decay 
and disappear, as in the case 
of many other plants. They 
simply accumuiaie, and the 
stems get packed together 
tightly until tliey form a 
great mass of .sponge -1 ike 
material. 

Gradually the sphagnum 
grows more and more out into 
the lake, and as the plants 
perish they form the spongc- 
likc mass already de.scrihed. 

At last the whole of the lake becomes 
filled up with this, and is more or less 
solid, although it still has the s])oiigy 
consistency which makes it quake when 
heavy weights pass across it. 

Sometimes huge areas get filled up 


jn this way, although, of course, it 
takes many years and sometimes 
hundreds of years to reacli the stage of 
being able to support a wagon road 
or railway. The mat of sphagnum 
becomes firmer and firmer owing to 



Four stjMKOS in the formation of a quaking bog or 
prairie. A lake becomes filled up with sphagnum 


trembling 

moss 


the addition of pasty matter that 
results from the decomposition of 
other plants. It never t)ecomes so 
solid, however, that the shaking is not 
perceptible if one jumps upon it, or a 
heavy vehicle passes < 


i over the surface. 


A quaking bog is. of course, quite a 
different thing from an ordinary swamp 
or marsh. There is always a tendency 
for ground to become marshy when the 
drainage is imperfect, and the difii- 
culties of drainage arc due to vaiying 
causes. Sometimes the sui 
face of the land is so iK^arl) 
level that the rain, when it 
falls, cannot run ofT, but coni' 
pletely satiirate.s tJie soil. We 
find examples of this on the 
prairies and on the great flcKxi 
plains of big rivers such as the 
Mis.si.ssippi. In the latter case 
the swamp is known as a river 
terrace swamp. Fre<iiientl\' 
tliere will be a great morass 
at the mouth of a river, and 
there, of course, it forms 
what is known as a deltii 
swamp, or estuary swamp. 

But sometimes, on ground 
that is not quite level, a 
swamp will form, owing to 
the accumulation of vegetable 
matter. In ordinary circum- 
stances the leaves aix} twigs 
of the trees and shrul>s that 
grow in a forest, when they 
fall on the dry ground, 
quickly decay, and a great 
deal of the pnxhict of doca>' 
passes of[ as gas. 

In such circumstances no 
great amount of solid matter 
will accumulate, but where 
the ground is generally wet 
owing to bad drainage, and 
the rainfall is frequent, the 
accumulation of moistun 
may prevent the complete decay of th* 
fallen vegetation. Then the vegetable 
matter becomes a fine black slime hel<* 
together by the masses of fibrons mat* - 
rial, and in this condition it is calkd. 
peat, which, when dried, is a good fu< l 
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A SIMPLE EXPLANATION OF A CYCLONE 



If some of the lur were taken from a room the pressure inside would be reduced, and air would rush in through door and windows, till 
inside and outside were at the same pressure. Something like this happens oTer large areas. By means not fully understood some air 
is removed from a region and pressure becomes low. At once air from all round tries to rush in, but owing to the Earth’s rotation the 
inrushing air is deflected tq the right in the Northern Hemisphere, so that it moves in an anti«clockwise direction. It is like the water 
that tries to leave a wash-basin through the plug-hole, and whirls round and round the hole. In the Southern Hemisphere the 
direction is clockwise. The area of low pressure is called a cyclone or depression, or simply a low. Here we are looking down on a 
cyclone advancing from the West. In front the barometer will be high and falling, ancf in the rear of the cyclone low but rising 



Here we see a cyclone from the side. The cool air following it meets the warm air from the front and» flowing underneath, drives this up. 
The warm air is then cooled, and consequently gives up some of its moisture, which condenses and falls as rain. Hence a cyclone brings 
rainy weather. An anti-cyclone is the opposite of a cyclone. There the high pressure is in the centre and air moves outward 
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BLOWING UP A HUNDRED MILLION TONS OF ICE 



Icebergs at certain seasons ot the year are a great menace to Atlantic traffic. Some of the icebergs that float down from the North 
contain hundreds of millions of tons of ice, and any steamship running into them at full speed would be doomed, as was the Titanic. 
Here is an iceberg that stood sixty or seventy feet out of the water and was estimated to weigh more than a hundred million tons 



There is now a regular International Ice Patrol to look out for icebergs and warn vessels of their neimess. There is also a s^tem by 
which icebergs approaching the danger zone are blown up with the powerful explosive known u T.N.T. Its proper nan^ is Trinifro- 
toluene, and it was first prepared in 1863. An iceberg is not entirely destroyed by the i^losion, but being broken up into Jailer 
fragments it is less dangerous and, when it reaches warmer waters, melts more rapidly. The Ice Patrol is a boon to Atlantic shipping 





AN UNSOLVED MYSTERY OF THE SOUTH PACIFIC: EASTER ISLAND’S STRANGE STONE STATUES 

No one knows precisely who carved the 500 huge stone images that stud the hills, roadsides, and cliffs of Easter Island, 2,000 miles from^ the nearest mainla^, tlM Chile coast. 
Shaped in one piece from volcanic ash in quarries on the crater of an extinct volcano on the island, each figure has the same long face and distended ear-lobes. When the island wm 
discovered by the Dutch admiral Roggeveen on Easter Day, 1722, many of the statues bore great red hats or crowns, 6 feet high and 5 -8 feet across, queried fr<ra crimson tuia 
rock. Each figure comprises head and torso, but today most of those that remain erect are buried up to the neck in two centuries’ accumulation of soil and herbage 



THE BLACK PRINCE WINS HIS SPURS 

One of the most romantic figures in English history is that of the Black Prince, the eldest son of King Edward 
the Third, who died before his father and so never mounted the English throne. He was only a boy when he 
fought at the battle of Cr^ and distinguished himself by his chivalry and bravery, and here we read the story 

of how he won his knightly spurs at the famous battle 


J EAN Fkoissart, the picturesque 
historian ol the fourteenth cen- 
tury, writes in his Chronicles 
that *' It is a common opinion in 
England tluit Ixitwecn two valiant kings 
there is always one weak in mind and 
body ; and most true it is that this is 
apparent in the example of the King 
Eelward, of whom 1 now speak ; for 
his father. King ICdward II, was weak, 
unwise and cowardly ; while his 
grarulfather, called the Good King 
Edward, was wise, brave, very enter- 
prising and fortunate in war.*' 

The reign of ICdward the Second, 
coining between the gallant Edward 
the First and the brave Edward the 
Third, who raised England to greater 
heights of glory than it had ever 
reached before, was most unfortunate. 
The people put up with his misrule as 
long as they could, but at last 
his barons deprived him ol the* 
crown and sluit him up a 
prisoner in Berkeley Castle. 

The sad thing is that though 
he was cruelly murdered, few 
among his subjects regretted 
the. end of such a weak and 
unwise king as he ha<l proved. 

A King ol Character 

ITis son, the third Edward, 
who now mounted the throne, 
was not yet fifteen, so his 
mother, Queen Isabella and her 
friend, Roger Mortimer, ruled 
the kingdom for a time and 
very badly they did it. . But 
there was a vast diftercnce 
Ixdween the new monarch and 
his wi^ak father. As stxrn as he 
was seventeen he made up his .... 
mind, to take the govcrnineiit 
into his own hands. Mortimer 
was sent to London, tried and hanged 
at Tyburn, and Isabella wa.s taken to 
Castle Rising in Norfolk and kept a 
prisoner for the rest of her life, Edward 
visiting her onlv once a year. 

The "new king,' a young man of strong 
character and vigorous determination, 
was fortunate in having a good wife. 
She was Philippa of Hainault, and so 
long as she lived she was a magnificent 
ioifluence in cooling her husband's out- 
bursts of temper and anger and leading 
him into paths of mercy. An instance 
of this occurred very early. 

Soon after taking over the govern, 
ment Edward gave a magnificent 
tournament in Cheapsidc, London. But 
during the tilting between the knights 
the grand stand on which Queen 
Phili})pa and her ladies sat gave way 


Edward at once swore that he would 
hang the men who had built it, and 
there is no doubt that he would have 
done so, but the gentle queen inter- 
ceded for them and so their lives were 
spared. 

Years afterwards, when the King 
besieged Calais, it was very bravedy 
defenfled and this made Edward ex- 
ceedingly angry. At length the city 
was forced to surrender owing to 
famine, and Edward determined to 
punish the obstinacy of the defenders 
liy making an example of some of the 
principal citizens. Six of them were 
to come to him with bare heads and 
feet, with ropes round their necks and 
the kt'ys of the town in their hands. 

Although many of his own barons 
and knights pleadcni that their lives 
might lie spared. Edward eyed them 
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English army resting before the battle of Cr^ 


with cUigry looks and ordered their 
heads to be struck off. All the appeals 
to him for merev failed, until Queen 
Philippa, who had come from England 
to vi.sit her husband, fell on her knees 
and said, with tears in her eyes, ** Ah, 
gentle sir, since I crossed the sea with 
great danger to see you, I have never 
asked you one favour ; now I must 
humbly ask as a gift for the sake of the 

of the Blessed Mary and for your 
love for me, that you will be merciful 
to these six men.” 

The Lady of the Gentle Heart 

The King looked at her for some time 
in silence and then said, ” Ah, lady, I 
wish you had been anywhere else than 
here ; you have entreated in such a 
manner that 1 cannot refuse you ; 1 


therefore give them to you to do as you 
please with them.” 

The Queen conducted the six citizens 
to her quarters, had their halters re- 
moved, clothed and fed them, and then 
sent them away in safety with a gift of 
money. 

Happy the king of those days who 
had sucli a queen, and happy the people 
with such sovereigns to reign over 
them. 

But we must go back. Any land 
which has war within its borders is in 
sad plight, and now liegan a war be- 
tween England and France which, with 
intervals, went on for about a century, 
and is known in history as the Hundred 
Years War. First of all Edward sent 
out an English (leet and lor the first 
time English seamen btiat the French 
at sea. Then, with an army of 30,000 
men, ho crossed from England 
and landed at La Hogue. Tt 
must have been a great busi- 
ness moving such a large army 
across the seas in those days of 
small ships, but the work was 
carried out successfully. 

Odds of Six to One 

Unfortunately, as soon as the 
army lauded, sicluicss broke out 
and with that and a certain 
amount of fighting Edward 
s(X)n had his army reduced to 
20,000 men. At last he rciiched 
the little village of Crdcy, where 
he halted, hoping that allies 
from Flanders would join him. 
But they did not conic and to 
a weak man like his father the 
]>rospects of victory would have 
seemed feeble indeed, for close 
^ by, at Abbeville, lay the French 
king with a great army of 
120,000 men. This force not only 
included a large number of well- 
equipped and well mounted knights 
but 15.000 Italian soldiers from Genoa, 
famous for their skill in using the cross- 
bow. 

Everything seemed in favour of the 
French. In the English ranks, how- 
ever, were 5,000 of the far-famed 
English archers with longbows which 
could shoot much more rapidly than 
any crossbow, and it was largely on these 
men that Edward relied for victory. 

We are also told, though not by 
Froissart, that for the first time in 
history the English used a cannon with 
gunpowder, if they did it can have 
done little more than frighten the 
enemy, although it marks the division 
between the old form of hand to hand 



ROMANCE OF BRITISH HISTORY 


warfare and the mtwlcrn method of 
fightinf{ al a distance with explosives 
which culminated in the Great War of 
1914-18 

When Edward reached Cr^cy, he 
said to his people, “ Let ns post our- 
selves here ; foi we will iic^t fio farther 
before we have seen our enemies.*' 
Tlien he sent out scouts toward 
Abbeville who, on their return, de- 
clared that there seemed no si/^ns that 
the I'renchmen intended to make an 
immediate attack. The I'rencli kin^ 
on liis part also sent out scouts to 
spy out the ICn^lisb positiem, and they 
returned with the information that the 
Jm;'lish were encamped on tlie plain 
and were evidently Koin*^ to await the 
French attack. 


helmets and bows before them in order 
that they l>e thoroughly rested 

and be the fresher when their enemies 
arrived. 

Certain knights whom the French 
king sent out to reconnoitre the Eng- 
lish army, when they returned advised 
him to do as the English monarch luul 
done, namely, to rest his men so that 
tliev might be fresh for the fight, for 
many of them were very tired and in 
some di.sorder owing to a long march. 
I'he I'YencIi king, it is said, commanded 
that this should bo done, and sent two 
marshals to ery out '* Halt banners, in 
the name of (iod and St. Denis.*’ 

There was, however, smne confusion 
in the lYench army, for while the front 
ranks halted, those behind continued 


told ** His blood bc*gan to boil,*’ and 
he cried out to his marshals ** Order 
the Genoese forward and begin the 
battle in the name of God and St. 
Denis.’* 

Unlike the English, the French 
forces did not form in any regular 
ruder, but advanced in JUiy way they 
pleased. The i5,f)oo Genoese cross- 
l>owmen were very tired, having 
marched on f<x>t that da>' more than 
30 miles. They declared that they 
were not in a fit condition to do iuiy 
great things, but the Earl of Alen^on, 
hearing this, said. *‘ This is what one 
gets by employing such scoundrels 
who fall off when there is <iny nt?ed 
for them.** This wfis very unfair, 
for in ordinary circumstances the 


Meanwhile the English 
bished up its arms and re- 
paired its iinnonr. lk)th 
kings gave a supper to their 
lords, urging them to work 
well together and be brave 
in the coming conflict. 
After the meal King 
l^Idward retired to his 
<iratory and tailing on his 
knees before the altar 
praycrl to God that if he 
should combat his enemies 
on the morrow he might 
acquit himself with honour, 
'rhen. at midnight, he went 
to bed, but not for long. 

An Inspiring Leader 

ICarly the next day ho 
rose, and he and his six- 
teen -year-old son, the 
Prince of Wales, went to 
Mass. This young man, 
like his fat tier, was full ot 
courage and vigour. He 
lives in history as the 
Black Prince, a name given 
to him probably tiecau.se 
he wore black armour. 
Although recently made a 
knfght, he had imt yet 
" won his spurs,” that is, 
he had not yet done any 
exploit which should dis- 
tinguisli him as a knight 
and make him worthy of the 
gilded spurs which all brave 
knights wore in those days. 

King Edward divided his 
armv into three battalions. 


army fur- to press forward and then the front also G<‘ntH‘S«i 



The King of Bohemia meets his death with all the brave knights whose 
horses were fastened together so that they might not be parted 


bowmen were brave and 
c‘xcellent fighters. 

Tn add tef tlie dis- 
comfiture of the French, 
heavy rain began to fall, 
accompanied by thunder, 
iind at the same time, 
Froissiirt tells ns, there 
was ** a very t(‘rrible eclipse 
of the Sun ; ami before this 
rain a great Higlit of crows 
hovered in the air, over all 
those battalions making a 
loud noise,’* Sn»*h appear- 
ances were always re- 
garded a.s omcMis in tliose 
(lavs, and the tired lYench 
lorces were scarcely likely 
♦o regard them ;is gooil 
omens. Ik^forc very long, 
liowever. the rain sloppetl, 
the eclipse* passi*cl, and tlie 
battle began. 

The Genoese Advance 

rntortunately hir the 
FreiuJimen thcjy had th(^ 
sun in their faces, whereas 
tlu* English had it al their 
backs. The Gen(K\se, as was 
their custom, ap)>roa('lied 
the Eiigli.sh with a loud 
shout in order to frighten 
them, an early exainiile of 
" frighlfulness,” but it 
took more than a shout to 
fright(*n the dogged un- 
d(*nionstrati ve English 
who. as the chronicler l('lls 
us, *' St mid still and stin'ed 
not for all that.” 


The first he placed under the command 
of the Black Prince: the second was in 
charge ol tlie EarW of Northampton and 
Arundel, and tlie third the King himself 
commanded. 'I'he King then numiited 
a small palfrey and, carrying a white 
wand in his hand, rode through all the 
ranks encouraging and entteating the 
army tliat they would guard his honour 
and defend his right, h'roissart tells 


pushed forward till they came in sight 
of the English army. But as soon as 
they saw tlieir foes the h'nmchmon fell 
back in gre^at dis(jrder, and this 
alaruKMl the rear ranks, who supposed 
that they had been figliting and wc^re 
retreating. 

'I'here seems to have b(.*eri nothing 
but bad management and disorder in 
the French ranks, and this was their 


Then the Cienoes(^ gave another loud 
cry and leap(‘d into the air, but the 
English moved not a foot. A third 
time there was a leap and a cry, and 
now they shot fiercely with their 
crossbows. The English arcluTS 
step])ed forward one pace and began 
to let their arrows fly so hotly and so 
rapidly that the Genoese were be- 
wildered. An Italian who wrote an 


us that ” He spoke this .«o swcictly and 
with such a clu'erful countenance 
that s^li who had beem dispirited wen? 
directly comforted by seeing and hear- 
ing him.” 

Then 1h€5 King ordered that his men 
should eat, and while waiting for the 
French, sit on the ground, placing their 


undoing. As soon as they the 

Frenchmen advancing, tlie ICnglish 
warriors rose and lined up and the 
Prince’s battalion, which contained 
2,000 bowmen, prepared for liatlle, the 
men at arms being at the rear of the 
archers. As soon as the Frencli king 
came in sight of the }*Inglish we are 


account of llic^ battle, referring to the 
shower of arrows, declared that ” it 
.seemed to snow ” 

The tired Genoese with their heavy 
crossbows that took so long to load, 
could stand it no longer. Sc^me, in 
desperation, threw away their lx)ws, 
and others cut their bowstrings. All 
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iiegan to fly from tlie field, and as they 
fled tliev broke in among the large 
Iwdy of French horsemen who were 
ready to suppcjrt them. This added 
to the confusion and tlie King of 
I'rance, seeing the Genoese fall back, 

4 vied out to his men at arras, " Kill rae 
tiiose scoundrels! For they stop up 
OUT road without any reason I ” At 
this the French horsemen rode among 
the flecittg archers, striking left and 
right and killing all they could. It 
was queer behaviour to kill their own 
comr^es in the face of a determined 
enemy like the JCnglish. 

/ The Knglish archers continued 
ing vigorously and rapidly, and soon 
their arrows began to fall among the 
horsemen, killing and wounding many 
Then as the confusion grew a number 
<if Cornish and Welsh on foot, armed 
with large knives, advanced through 
the men at arms and the archers, who 
made way for them, and fell upon the 
IVench ('arls, barons, knights and 
s(| Hires, \v1k) had fallen from their shot 
liorses and could not get up again 
because of tlie weight of their armour 
and because it restru'led the 
use <if the wearer’s limbs. The 
prostrate cavaliers were either 
stabbed on the spot or dragged 
off lor ransom. 

Among the killed was the 
bliiul, but valiant King of 
Ui»hemia, wdio was liel]jing the 
I'reiich. When the order for 
l»att!e was given the blind king 
called his knights and s.'ikl : 

' (ieiitlemen, you are tif my 
people, luy friends ami brethren 
at arms this day ; therefore, as 
I am blind, I request you to 
lead me so far into the engage- 
ment that 1 may strike fine 
stroke with my sword.” 

A Valiant Band 

The knights replietl that they 
would lead him forward, and in 


Meanwhile, what was happening to 
the Black I*rince ? h'arly in the day 
some French and their allies had broken 
through the archers of the Prince’s 
battalion and engaged with his men- 
at-arnis. 1‘hereupon the second 
battalion under the ILarls of Northamp- 
ton and Arundel came to his aid. The 
help was needed, for otherwise tlie 
Prince would have been very hardly 
pressed. Some of the Prince's force 
sent a kniglit in great haste to King 
Edw'ard, who was posted fin a little 
hill near a windmill. On arrival he 
said : ” Sire, the lords who are about 
your son are being vigorously attacked 
by the French and they beseech you 
to come to tlieir assistance with your 
battalion, for they fear that if the 
French numbers increase the I'rince 
will have too much to do.” 

The Way of Chivalry 

'J'o this the King replied : "Is my 
son dead, unhorseil, or so badly 
wounded that he cannot support him- 
self ? ” 

" Nothing of the sort, tliank God ! ” 



** Let the boy win his spurs,” said the king 


kissed him, saying : " Sweet son, God 
give you good perseverance ; you are 
my son. lor roost loyally have you 
acquitted yourself this day ; you arc 
worthy to be a Sovereign.” The 
Prince bowed low and humbled himself, 
giving all honour to the King, his 
father. 

It has been said that it was from the 
brave blind King of Bohemia that the 
Bl;ick Prince took the famous badge of 
the three ostrich feathers and the 
motto Ich T)ien, meaning ” 1 .serve,” 
which are still the crest and motto of 
the Prince of Wales. The tradition, 
liowcvcr, is probably untrustwr)rthy. 

'Hie Jllack Prince was never to 
become a Sovereign. After doing ex- 
ploits in other battles, especially at 
Poitiers, where he again defeated the 
French and captured their king, 
treating him with gre^it courtesy, he 
fell ill and finally passed away at 
Westminster to the great s4>rrow atul 
consternation of the country. Even 
his enemies grieved frir him, and the 
King of France, whom he had captured 
at the Battle of l*oi tiers, had special 
prayers and services said for 
liim in l^aris. 

So much was he loved that 
one of his old fellow sf)ldicr.s was 
so heartbroken at his death that 
he refused to take food, and died 
a few days later of grief and 
starv'ation. It is doubtful if 
the English nation has ever 
before or since so mourned the 
loss of a ptince. 

A Ballad ot Bravery 

He was buried in Canterbury 
('athedral. where we may still 
see his helmet with the gilded 
leopard for a crest, his velvet 
coat embroidered w'itli bine anil 
scarlet, and his shield em- 
blazoned with the arms of 
England and France. 

Francis Palgrave has immor- 


order that they might not lose 
him in the crowd or he them, they 
fastened all the reins of their horses 
together and put the King of Bohemia 
at llieir head that he might gratify his 
wisli and advance toward the enemy. 
All the members oi this gallant band, 
iiichufing the king, were slain and their 
b(»dies were found on the ground the 
next day with their horses all tied to- 
gether. * 

It is a curious commentary on the 
life of the period to learn that the 
English king was afterwards much ex- 
fLsperaled at so many French carls and 
knights being killed. In those days 
noblemen were regarded as of much 
greater value than ordinary com- 
moners. How different from the state 
4 >£ things in these days. We heard so 
much during the Great War of the 
^'alue and worth of the ordinary 
" Tommy.” In olden days, however, 
it must be remembered that a slain 
nobleman or knight w-as worth nothing, 
whereas a captured one was worth a 
great deal, for he could be held to ran- 
som for a large sum. 


rejoined the knight. " But he is in so 
hot an engagement that he has great 
need of your help.” 

The fCing answered : ” Now, Sir 

'riioiuas, return back to those that 
sent you and tell them from me not to 
send again for me this day, or t<i expect 
that I shall come. Let what will 
happen, as long as iny son has life ; 
and say that I command them to let 
the b4)y win his spurs ; for I am deter- 
mined, if it please God, that all the 
glory and honour of this day shall be 
given to him and to tliosc into whose 
care I have entrusted him.” 

Noble Father, Gallant Son 

The knight, says Frois.sart, returned 
to his lords, and related the King's 
answer, which mightily encouraged 
them and made them repent that they 
had ever sent such a message. 

At last the battle ended. The 
French army was broken up and its 
king had to flee. As soon as King 
Edward saw his young son return to 
liim victorious he embraced him and 


talisctd the battle and the Black 
Prince's bravery in his poem Crecy. 

At Oi^ry by Somme in Pontliieu 
riii;h up on a windy hill 
A mill stands out like a tower ; 

Kin^ Edward stands on the mill. 

The plain is seethinp; below. 

As Vesuvius seethes with flame. 

But O ! not with fire, hut gore. 

Earth incarnadined o'er, 

Crimson with shame and witli fame ' — 

'lb the King run the me.ssengere, erving, 

“ Thy Son is hard-press*d to the dying ! ” 

Let alone : for to-day will l)c written 
in story 

To the great world's end, and for ever ; 

So let the boy have the glory.” 

Pride of Liguria's shore, 

(}unoa wrestles in vain ; 

Vainly Bohemia's king 

King-like is laid with the slain. 

I'he Blood 'lake is wiped out in blond. 

The shaii\e pf the centuries o’er ; 

Where the pride of the Norman had sway. 
The lions lord over the fray, 

I'he legions of Prance are no more : 

'Fhe Prince to his father kneels lowly : 

” His is the battle— his wholly * 

For to-day is a day will be written in 
story 

To the.great world's end, and for ever \ 

5k>, let him have the spurs and the glory.' 
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THE MOON’S FACE WITH ITS GIMW CRATEfe 
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The Moon’s surface is ouite unlike that of our Earth. Not only is there, so far as we can judge, no water and no vegetation, to that 
all is dry and desolate, out the face of the Moon is pitted all over with giant craters, far bigger than anything on the earth. Some of 
these are as great as x6o miles in diameter. The Moon's surface has been carefully mapped and all its mountains, plains and craters have 
names. Some of the chief of these are shown here. The plains are called seas," because Galileo thought they were seas, and his 
names, in Latin, are still used — ^Mare Serenitatis, the Sea of S^enity, and so on. Many of the craters are namM after famous astronomers 
Copernicus, Flamsteed, and others. The mountain ranges have been given the names of famous ranges on the Earth like the Alps and Atlas 



This picture will give some idea of the gigantic size of some of the Moon's craters. It represents Maurolycus, which is x6o miles in diameter 
and could contain all the country from London to Barnsley in one direction, and London to Eieeter in another direction. Its circumference, 
if it were placed in England, would run round Wolverhampton, Burton-on-Trent, Peterborough, CambridjK, Chelmsford, Gravesend, 
Littlehampton, the Isle of Wight, Christchurch, Salisbury Plain, Newport, Radnor, and back to Wolverhampton-^ 
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Wonders of the Sky 



THE STRANGE SCENERY OF THE MOON 

The M<K>n is made of the same materials as the Earth, but its appearance is very different from that of our 
wond or iite and colour and beauty. It is a dead and desolate world, and its landscape is dotted all over 
with mysteriously huge craters surrounded by walls of mountain peaks. Here we read some interesting 

things about this dead world and its strange surface 


I F we could travel to the Moon we 
should hud that its surface was 
very different indeed from the 
surface of the Earth. In the first place, 
so far as we know, there is no water on 
tlie Moon, although some astronomers 
think that it is not impossible that 
there may l>c solid water in the form of 
ice on some parts of the Moon’s surface, 
at a tenijHiratiire too low to evaporate 
and give off vapour. 

When seen from our Earth with 
the naked eye the Moon is a ver>' 
iHjaiitiful object with 
its bright disc and soft 
markings. But scon 
through a powerful 
leleseo])e the surface is 
foiin<l to be pitted all 
over with what are 
describiMi as craters, 
aii<l to have mountains 
and inoiintuin ranges 
111 all ]KU‘ts. 

Amazing Craters 

On llie fuirth (here 
are many inountain 
ranges, like the Alps 
and Carpathians and 
Andes and Himalayas, 
but on IIk; Mckjii the 
ranges are far fi-wer in 
proportion. It is the 
extraord i nary t;ra tors 
which care the out> 
standing fi*ature of the 
Moon’s surface. The 
largest craters on the 
Earth are not more 
than seven miles in 
diameter, but on the 
Moon, which is so much 
smaller than the Earth, 
there arc many craters 
fifty or sixty miles 
across, and some arc 
as great as 150 miles 
in diameter. The Moon four 

If we stood in the we can se^ui 
middle of one of these ®*’**®5 
giant craters on the * photograj 
Moon, we should be 
unable to see the great mountain 
peaks that formed the surrounding 
wall of the crater. 

Craters from five to twenty miles 
across can l>e counted by the hundred. 

These craters are circular in farm, 
the wall all round l)eing really a ring 
of mountain peaks rising in some places 
to 20,000 feet above the surrounding 
country. This i.s an enormous height 
for such a small world* as the Moon. 


If Mount Everest were as higl) in pro- 
portion as some of these mountains of 
the Moon, it would have to be about 
twenty miles high insti^^ad of rather 
more than five miles, as it actually is. 

A curious tiling about these lunar 
craters is that in the centre a group of 
peaks rises up to a height as great as 
the surrounding wall. Sometimes the 
inside of the crater wall is very deep, 
8,000 feet 01; more below the level of 
the plain from which the crater rises. 
Some craters, indeed, are 10.000 feet 



The Moon fourteen days after new Moon, photographed at Lick Observatory . Here 
we can see quite clearly the ** rays,*' or light coloured streaks radiating from 
the crater Tycho, at the top. These are a mystery to astronomers Of course, 
in a photograph taken through a telescope, the Moon always appears inverted 


deep. Others ap|)ear to be filled up to 
the brim, so that the floor is far above 
the level outside. Here and there is a 
crater which is a. mere hole in the 
surface of the Moon, and has no sur- 
rounding mountain ring. 

It is interesting to note that these 
mountain heights and dcptlis on the 
Moon can be measured even more ac- 
curately than can such mountains of the 
Earth as the giant peaks of the Hima- 


layas. The measuring is done by means 
of the shadow cast tw the mountain or 
crater wall when the Sun is shining upon 
it at an angle. The measurements are 
checked by taking fresh measurements 
when the Sun is shining and casting 
the shadow in a different direction. 

These strange formations on the 
Moon’s surface are very mysterious. 
They are supposed to lie actually vol- 
canic craters because of their remark- 
able resemblance to similar formations 
on the Earth. It is not, however, 
absobitcly certain that 
the Moon’s craters are 
of volcanic origin, 
although this explana- 
tion is the one most 
favoured by astrono- 
mers. Some think that 
the craters are really 
pit- marks made on 
the Moon’s .surface 
when it was in a plastic 
.state by meteorites 
which have struck it 
as the Moon crossed 
their patli. 

Mysterious Cracks 

in addition to these 
craters and a numlx!r 
of mountain ranges 
not unlike those on 
the P'arth, there are 
also what appear to 
be deep narrow cnicks 
that have been given 
the name of *' rills,” 
because it is thought 
they may at one time 
have been watc»r- 
courses. Then there 
are clefts about half 
a mile wide, and of 
an unknown depth, 
which run across the 
Moon’s surface for 
bservatory. Here hundreds of miles. 

» radiating from Still another feature 
men Of course, of the Moon’s surface 
appears uiverted consists of what are 
called rays, which are 
light-coloured streaks radiating from 
some of the craters in all directions. 
These are often hundreds of miles long, 
and range from five to ten miles in 
width. l.iko the clefts, they go straight 
across valley and mountain, and some- 
times actually through a crater. 

Their nature is unknown, although 
some astronomers have thoiight that 
they may be vapours arising from rifts 
that are too narrow to be visible. 
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HOW THE TroES OF THE SEA ARE CAUSED 


W K are all iiitoresled in the tides. 

When we to the seaside for 
a holiday one of the first things 
we do is to find* out the time of high 
tide and low tide, and we notice great 
differenci^s on the beach when the tide 
is in, and wh<;ii it is out. 

Often when tlie tide is out the sands 
arc uncov'ered for a mile or more, and 
tlic sea seems very far away, while at 
high tide there are sometimes no sands 
to be s('en, for they are. quite covered 
by the water which reaches right up to 
the rocky dills. 

What is it 
that causes 
the tides ? 

Well, they are 
i-aused chiefly 
by the Moon. 

It was sus- 
pected two 
t h o u s a n d 
years ago that 
tlie Moon had 
something to 
dt» with the 
matter, but 
not until Sir 
I s €i a c New- 
ton’s time 
were tlie tides 
full y under- 
stood. 

Gravitation 
is the attrac- 
tion w'hich 
one body has 
for aiiotlier, 
and just as 
the Sun at- 
tracts the 
ICurtli, so the 
Earth at- 
tracts the 
Moon and the 
Moon attract.s 
the Earl h . 


t>emg fluid, are drawn up into a bulge, 
and where that happens there is high 
tide. 

Even the solid Earth yields a little 
tc^ the Moon’s attraction and has very 
small tides. The waters on the opposite 
side of the Earth are more distant 
from the Moon than the centre of the 
globe, and so they are not attracted as 
much as the solid earth, with the result 
that they also become hunched up into 
a high tide. They are, as it were, left 
behind when the solid Earth is pulled 
towanis the Moon. 


what it gains by size it loses by dis- 
tance. It is 26,648,000 times as great in 
mass as the Moon, but it is 389 times as 
far away, so that, taking both facts 
into consideration, it should pull the 
Earth with T75 times the force that the 
Moon has. And this it actually dexjs. 

Why, then, are the tides caused by 
the Sun less than those caused by the 
Moon ? 'Phe e.xplauation is that the 
tides are due not merely to the pull 
itself, but to the diflercnce between the 
pull on the centre of the ICarth and the 
pull on the sides nearest and farthest 
from the Sun 
or Moon. 

Now as the 
Earth’s diam- 
eter is 8,of o 
mi'es the s’dc . 
ol our gkihe 
ncaiesl toaiul 
farthest from 
Sun or Moon 
ai 04,000 miles 
nearer <T far- 
tlier tlian the 
ICaith’s te li- 
tre. Tliis lig- 
lue 1- a much 
greater j>ro- 
pc/rtion of 
.;.p:),ooo miles, 
the Moon’s 
dislaiict', than 
ol 000, 000 
in i 1 1‘ s , t li e 
Sun’s d I s - 
tance, ami 
the ilillerence 
ol tht‘ Moon's 
pull o n the 
ditlereiit paits 
ot the ICarth is 
m u t h more 
not I c ** a b 1 e 
t h a n t h e 
ditlereiit c- ol 



When the Sun and Moon are in this position relative to the Earth -that is, when the Moon is in 
its first quarter — we have what are known as neap tides. At these the sea does not rise so high 
as at the spring tides, explained below, for the Sun and Moon are pulling the waters of the Earth’s 
seas in different directions, and so the two pulls to some extent counteract one another. The same 
thing happens when the Moon Is in its third quarter 



When the Sun and Moon are pulling in the .same line — ^that is, at new Moon, as shown here, and at full Moon when the Moon is on the 
other side of the Earth • -the double pull draws up the waters of the sea unusually high, and there are higher tides than at the neap tide 
position shown in the upper picture when Sun and Moon are pulling at right angles to one another. These high tides are called spring tides 


'Phi.s attraction shows itself as a pull. 
'Phe Earth pulls the Moon and the 
Mtion pulls the Earth. 

Kow, owing to this “ pull of gravi- 
tation,” the Moon, as it travels round 
the Earth, pulls the part nearest to it 
more than it does the centre or the 
other side of the Earth. 'Phi.s pull does 
not have much effect on the .solid part 
of the Earth, but the waters of the sea. 


But the Sun also pulls the Earth and 
draws up the waters opposite to it. If 
there were no Moon we should still have 
tides caused by the Sun’s attraction. 
Now the Sun, being so much bigger, 
should pull the waters up much more 
than the Moon. Yet it does not do so. 
Why is this ? 

Well, in the first place the Sun is 
so much farther away that much of 


the Sun's pull on the VHiiou^* parts. 

When Sun and Moon pull to- 
gether, as shown in the lower picture 
on this page, tlie tides are higher than 
when they pull against one another, 
as in the upper picture. 

Of course, the time and the height 
of the tide vary in different places 
according to the nature of the region. 
The shaj^ of the coast affects the tides. 
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HOW WASHING CLEANS OUR CLOTHES 

We all know that things are made clean by washing, whether it be hands and faces, or cups and saucers, 
or our clothes. But why does washing make things clean ? On this page the matter is explained, and we 
also read how machinery has been adapted to the work of the laundry 


U p to fifty or sixty years ago most 
of the washing of the house- 
hold linen was done in the home. 
Sometimes the maids carried out the 
work, and soiiieiiiues washerwouion 
visited llie lu^nie and dirt the laundry 
work on a spt'cial day each woc*k. which 
I'anic to be known as washing day. 

It was not the pleasant(',st day of the 
week, esjH'cially in dump weather when 
it was dilhcult to dry the clothes. In 
thos(‘ hoine*^ which had no proper 
garden or drying ground the clothes 
had to be hung u]> tlie kitchen to dry. 
t he whole house was pervailed with the 
cKlour of soap-suds and the dampness 
which r<*sulled Ironi the steam and wet 
clothes was not particularly healthy, 
especially for any people whf) had weak 
lungs 

Washing is still doiu' in the homes of 
many people, but it is a less laborious 
task than it usimI to be. 'Khere are 
many appliances whicii lighten labour, 
and whi('h are not vitv expensive, 
'rhe majority of homes, even the mosi 
humble, contain at least a mangle, 
and to run the wet clothes through the. 
mangle, S(|uee/ing mil the water, is far 
le.ss .strenuous work than to twist the 
clothes up and wring the water out by 
hand. 

ihit in large numbers of homes the 
hulk of the washing is not now doiK* in 
1h(‘ house, llu- heavier articU‘S, like 
sh<‘ets ami blankets and tablecloths are 
si'nt to laundries, and only the smaller 
things ari‘ washed at home; for these 
there are home washing* machines. 

An Industry Employing Thousands 

The washing of clothes and hou.sehold 
linen has develo^X'd into a huge in- 
dustry, einploA'ing tens of thousands of 
people. At first the work was done 
largely b>' hand, but laundries are 
now equipped with a great variety of 
co.stly machinery, so that the clothes are 
handled very little. Even the so-cfilleti 
hand laundries do not do the work by 
hand in the old sense of rubbing and 
wringing the articles without any 
machinery at all. 

In the early days of laundry machin- 
ery, Ixjfore the various appliances had 
been pi'.rfecled, there was a good deal of 
destruction of liiieii. Buttonholes were 
tom, cuffs were wrenched off shirts, 
tablecloths and sheets were tom, and 
even holes caused by chemicals were 
not altogether unknown. Now, how- 
ever. a well-eciuippccl laundry does its 
work amazingly well, and there is little 
more destruction of tlie fabric than 
when the linen is washed by hand. 

We all benefit by the work of the 


laundry, but how many of us have 
ever stopped to think why it is that 
w'Hshing clothes makes them clean ? 
i'he tiildeclolh has sennething upset on 
it, and has a dirt 3 ' patch. The collar 
when we take it off at night is grimy, 
and the apron or towel becomes st>iled 
after a little use. Then the article is 
washed mid dried, and mangletl and 
ironed, aiul if the work has bet‘ii dotic 
properly it is as .s|X)tli:.ss as when it was 
new'. Wliat luis happened ? 

Well, the whole science of laundry 
work is that the stains and grime arc 
dissolveil ill the water and jxiss aw'ay 
down the .sink. The ]>rocess of solution 
is assisted in various w'aj^s. The water 
IS made hoi, wdiich makes it cajiable of 
ilisvilving subslanees more easily. It 
has soap put with it. or in some cases 


Drmno wheel rptating 
in direction of arrow 



Wet clothes are dried in laundries not by 
wrringing. but in centrifugal driers. They 
are whirled round in a perforated drum, 
as shown here» at 1,400 revolutions a 
minute, and the water is hurled out 


.soda, and this still further helps the 
dissolution of grease and other matter 
that make the linen dirty. 

When the clothes reach the latmdrv 
they are marked according to their 
ow'iiers and then sorted. Handkerchiefs 
are put tog(*ther. towels together, and 
so on, and these are placed in com- 
partnienls in a cvlindrical cage, w'hich 
is closed and tlien put inside a hori- 
zontal drum, in which it can revolve. 

The cage with its efuiteiits tlien turns 
round and roimd at high speed in the 
drum, which is supplictl with hot 
water and .soa]) and with high pressun? 
steam. 'I'lie rotation of the cagi* in the 
drum, with the consequent throwing to 
anfl fro of the dollies, has the same 
(•fleet as the primitive method of 
washing, in w'hich W'omeii place the wet 
clothes on a stone or on a 
rough board under water, and 
rub or beat UitMU, to make the 
w'iiter dissolve, the dirt and 
carr)’' it away. 

In the case of the more 
dainty fabrics, which might be 
torn by rough usage, these are 
placed in washbags (.ir nets 
before, being put into the 
w'asher cage. The w'ashing 
machine has inlet and outlet 
])ipes, so that the water can Ix^ 
changed rapidly, and one gn*at 
advantage of the high pressure 
steam used at a laundry is that 
it not only assists in washing the clothes, 
but also sterilises them. 

Whirling the Wet Clothes Round 

Sometimes the. clothes are also 
blecU'hed to make them white, and the 
rinsing and blueing (which is another 
rinsing in blue-coloured water to 
vont the w^hite clothes from looking 
yellow) and the starching, are also done 
in macliiiies of the drum type. 

It is the machinery used for drying, 
how'ever, which is the most ingenious 
of all that is used in the laundry. To 
get the water out of the clothes an 
entirely dificreut principle is used from 
the old-fa-shioncd wringing. In that 
jirocoss, whether it was clone by hand or 
by means of rollers, the water was 
sciucezed out. But the driers now used in 
Laundries arc known ascentrifugal driers. 

In these the wet clothes fire phiced 
ill a metal basket or perforated drum, 
which is revolved at a very rapid rate, 
and as the clothes are whirled round 
the water is thrown out of them by the 
power of centrifugal force, and hurled 
through the openings in the drum. 

Tlie drying is finished in heated cham- 
bers, and mechanical ironing follows. 
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HOW A TRACTION ENGINE TRAVELS 



In this picture we are shown the inside of a traction engine, and it is easy to see how it works. Steam is generated in the boiler and 
enters the cylinder through a valve, in the same way as the steam enters the cylinder of a locomotive. It drives the piston forward, 
working a crank and setting in motion a train of gear-wheels, which are connected with the great driving wheel of the engine. This 
has a very wide tyre, which is ribbed, so as to enable it to grip the ground and carry the engine forward. A large fljrwheel regulates 
the motion. As the piston goes to and fro it also works a rod which automatically opens and closes the valves on each side of the 
cylinder, thus enabling the steam to exercise force, first on one side of the piston and then on the other side. In the picture the 
valve is shown open in front and the steam is entering the cylinder and driving the piston back. The driver steers by turning a wheel, 
which operates a worm and toothed wheel. The shaft of this toothed wheel is linked by chains with the front wheels of the engine, 
and the driver is able to turn them to the right or left as desired. A steam roller is worked in the same way 


TRAILER THAT CARRIES 700 TONS OF EARTH A DAY 



A trailer that holds 30 tons of eartn and has x6 wheels. 


During llw ronstniction-tif the Cajah'o dam 
in Sniithern California, onrjrmoits quantities 
of earth had to be moved across rough ground 
to build an earth einbaiikmoiit over yards 
long. £nidnecr.s designed and built a special 
trailer called a ** canry-all.” This type of 
vehicle, now extensively used for carrying 
heavy loads in constnictional work, has a 
rapacity of 30 tons and is mounted on sixteen 
pneumatir.'tyred wheels. It is drawn by a 
crawler tractor fitted with a r 00- horse-power 
dic'sel engine and can be towed across rough 
ground at ten mili^s an hour. 

The body of the trailer is of steel and 
mounted on a central hydraulic ram which can 
tip it for emptying to right, left, or rear. The 
rain is controlled from the driving seat of the 
tractor so that the trailer can be emptied 
without the driver’s leaving his scat. Several 
of these trailers were used in the building of 
the Ciijalco dam, and during a working day 
each moved an average of 700 tons of earth, 
gravel, or sand. 
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HOW A GRANDFATHER CLOCK WORKS 



The power is supplied by weights. The time weight pulls on a drum, forcing it to turn, but an esc^ment prevents it moving too quickljr. The 
top of the pendulum moves In a fork iised to the escapement shaft As the fork goes to and fro it makes the escapement see-saw, releasing one 
tooth of the escape wheel below at each rise and fall. By means of toothed wheels the clock hands are moved by the escape wheel shaft The 
right-hand picture shows how the minute hand shaft revolves inside the hour hand shaft, and by means of gearing both hands move at the right pace. 
A^date is turned one tooth every 24 hours by a pin on a toothed wheel. The pictures on the left show the striking mechanism. A pin on 
the upper of two minute wheels, as it goes round, meets a pivoted lever. At 7 minutes to each hour it pushes the lever raising the upper arm, on 
which imts a rack stop arm. A tooth on this is lifted out of the rack, and the rack flies to the left, moved by a spring. The rack moves back 
a certain number of teeth regulated by a snail wheel, which moves round on the hour hand shaft. The snail lever allows the rack to go back only 
so many teeth corresponding to the hour. In moving left, the rack releases a catch, enabling the wheels of the striking mechanism to move round, 
brif^ng the catch on the warning wheel against a lever extension on the pivoted lever. Ail is now ready for striking, and at the hour the pin on 
the mnute wheel releases the lever arm gnd extension, and the striking wheels can then be worked by the drum and weight. Pin projections on the 
striking wheel lift a bell lever and a hammer hits the bell. At each strike a gathering pallet pushee back the rack one tooth, and at the last tooth 
Ike radt is in its original position, a pin stopping the striking mechanism. A Ay acting like an engine fly-wheel gives even motion to the striking wheels 
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HOW A DREDGER DEEPENS THE BED OF A CANAL 



Alter a canaJ has been dug and the water admitted the bed ot the channel otten has to be dredged to prevent it trom silting up and 
making the waterway too shallow ior ships to pass. This picture shows a remarkable type of dredger which was used in some parts 
during the making of the Panama Canal. An endless chain of buckets brought up the material from the bed of the canal and carried 
It to the top of a staging on a floating platform. Here the buckets were emptied into conduits, through which a stream of water was 
kept running, and so the material was carried to the banks and deposited there, without the time and expense needed tor loading it into 
lighters and emptying it ashore. Of course many other devices, some of them of extreme ingenuity, were used in the making of the 
Panama Canal, the course of which pa-sses through very varied territory At one place a vast quantity of rock had to be excavated 

WAYS IN WHICH BALL BEARINGS ARE USED IN THE HOME 

T hk linportancc* ol loncpieiing friction ni having them ot rubber is to CrUise tiin groove, it is tlu'se that lorin the 

as far as possible in the moving parts friction and so prevent the turntable points ol support between the lowet ainl 

of machinery has already been em- from shifting its position. the npf»er discs, and when the heavy uin'- 

phasised on page 2 oj. where something lint between the two discs is a complete less set rests on the iip])er di^r it lan U* 
was said about the value of ball bearings circle of ball bearings, fitted in a double turned m a moment in anv direction with 

This devicre is userl not only in 
actual niachmcs, as in the case 
of a shaft ami tiearmg,. but in 
various apidianccs wliicli we 
have in the home I'or instance, 
many of the more exix'nsivc 
ea.sy chairs are phu:ed on castors 
which are fitted with ball bear- 
ings. These make them move 
smoothly and easily. Instead ot 
a wheel, the legs ol the chan 
terminate in a large siuooLli tiail 
which can thus turn in any direc- 
tion without effort, and where it 
IS actually in contact, ball bear- 
ings facilitate the turning as 
shown in the picture on this page. 

Another lamiliai example of 
the use ot ball U^arings in the 
home is seen in the turntables 
on which wc place our portable 
wireless sets. These are very 
ingenious devices, and consist ol 
two metal discs fitted with 
rubber projections which act as 
feet for the undi^r disc, and in the 
upper disc serve as supports for 

the wireless set l*he fiurprrse Different examples of the use of ball bearings of the bearings 
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Shaft and bearinq 


WCastor 
^ for chair 


tin* grcfilost case, because the 
rubber knobs prevent the set 
Irom sliding independently of 
the up|)t'r di.se, uliile this disc 
with the set on top will move 
round smoothly in any direetion, 
becau.se the poii.shed ball bear- 
ings reduce 4he rolling inction 
between the upper and the lower 
discs to a minimum The t urn- 
la ble is an interesting example of 
a device in which friction is both 
sought and eliminated 

Ikill bearings are now iisi'd in 
enormous quantities and they 
are made in standard sizes 
'Ihcy are of very higti grade steel, 
which IS specially hardened to 
prevent wear, and the channels 
or races in which they move are 
also generally of thi.s* hard steel, 
finished with a high polish. 

The ball bearings have to be 
made with the greatest skill and 
accuracy, for any deviation from 
a puie sphere would add to the 
friction and reduce the efficiency 






FIRST TO REACH THE PEAK OF EVEREST 




A FTER many gallant failures Mount Everest was 
conquered on May 29, 1953, when the New 
Zealand climber Edmund Hillary and the Sherpa 
guide Tensing Nockay reached the summit of the 
world’s highest mountain. The photograph on the 
left was taken by Hillary on top of Everest, and 
shows Tensing in the moment of victory holding 
aloft his ice-axe from which flutter the Union Jack 
and the flags of Nepal, India, and the United 
Nations. The dotted line on the lower photograph 
of Everest indicates the route taken by the climbers 

Since 1921, seventy years after Mount Everest 
had been discovered to be the world 's highest 
mountain, ten other expeditions, seven of them 
British, had attempted the climb, but all ended in 
failure. During the 1974 expedition George Leigh 
Mallory and Andrew Irvine set off on a final assault 
but were never seen again. It is believed that they 
came within 1,000 feet of the summit. 

The expedition of 1953 which Anally defeated the 
mountain was led by Colonel John Hunt and was 
organised by the Royal Geographical Society and the 
Alpine Club. Edmund Hillary and Colonel Hunt 
were knighted for their achievement. News of it 
reached the people of Britain, appropriately, on 
Queen Elizabeth II’s coronation day. 




THE DANDELION’S WONDERFUL LIFE STORY 



The dandelion is perhaps our commonest flower, but it is one of the most mteresting to study. On this page we see its life story. 
The plant produces buds which open into full flower-heads, but, as in the case of the daisy, what we call the flower is really a collection 
of flowers. If we take hold of one of the yellow ribbons and pttH it from the head we shall have a floret or single flower, and each 
floret can produce a seed. After a time the flowers change to seeds, the seed-head opens and we have the fluffy glo^ which children 
like to blow. Each seed has a little parachute which enables it to fall on the ground the right way Up so as to penetrate the soiL 
The leaves, when growing in short grass, lie flat to get the maximum of sunshine, but when the grass is tall the leaves grow upfii^ 
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THE ROMANTIC STORY OF THE DANDELION 

Thm is no more romantic flower than the dandelion, although it is so common as to be almost despised. 

In these pages we learn something of the wonderful life story of a plant that in its seed form always interests 
boys and girls. Indeed children in their play with the seed-head are often agents in spreading the plant 


I T is doubtful if there is a more 
familiar wild flower than the 
common dandelion. It is known 
almost better than the buttercup (3r 
the daisy, and if it were a dilhcull 
flower to grow and a root of it cost a 
great deal of money, it would be very 
highly prized, and its I'teaulies extolled 
by eiithusicistic ladies and even poets. 

But it is such a common flower that 
only children lake notices of it, except 
those; people who find it growing on 
their lawns. They get very angry 
with the dandelion, and do their best 
to root it up, but somehow the 
dandelion is a very persistent flower, 
and it is not easy to get rid of it. 

Its root goes a long w'ay down 
into the ground, and its leaves have? 
a wond<?rful way of adapting them- 
selves to the surroundings in which 
they grow. When, for instance, a 
dandelion is growing on a lawn that 
is kept nicely cut, with very short 
grass, it spreads its leaves out in a 
rosette and presses them closely to 
the soil, so that it is not easy for the 
gardener to get at them. On the 
otlier hand, wlien the dandelion 
grows ill long gras.s tlu; leaves grow 
up almost vertically so as to get 
their fair .share of sunlight and air 
iind dew. 

The Lion’s Tooth Leaf 

If we tear away all the leaves, 
pull off the stalk and flower-head 
and even try to dig up the plant, 
we generally find after a short time 
that the dandelion is still there ; its 
root reached so far down that it drew 
nouri.shmenl from the soil and soon 
put out a fresh rosette of leaves and 
a fresh stalk and flower. 

The dandelion is really a very 
interesting flower to study. We C 
notice that the leaves are lobed and ^ 
indented ; in fact, the flower is called * 
the dandelion because the projections 
on its leaves are like a " oent dc 
lion,*' or lion's tooth. 

When the leaves spread out as a 
rosette on the lawn or bare ground 
these fit together almost like a jig-saw 
puzzle, with very little overlapping, 
HO that practically the entire surface 
of the leaves gets the whole benefit 
of the air and sunshine. When rain 
falls on the leaves the water runs down 
the mid-rib so that it soon reaches the 
earth and percolates through to the 
tap-root. 

The plant has practically no stem, 
for the leaf stalks and flower stalks 
spring from where the root ends The 


stalk on which the flower grows is 
smooth and hollow, and if we cut it, a 
milky juice comes out, which is bitter 
to the taste. This is really the plant’s 
protection against being eaten by 
grazing animals. 

If the tap-root is damaged by being 
cut across, as with a shovel, a healing 
tissue which is known as callus, and is a 
kind of cork, forms to protect the root, 
and from this new shoots spring up. 

The flower of the dandelion is well 
worth study, and we should gather one 
and examine it. What we call the 



Childi:en play **One o'clock, two o’clock " with 
the seed-heads of the dandelion, hut they little 
realise when they do this what a wonderful 
plant the dandelion really is 

flower is not really one flower, but a 
large number gathered to form one 
flower-head. There are anything from 
loo to 300 flowers on the one head. 

The flowers have no stalks, and they 
are crowded on the flat, circular top of 
the flowering stem or axis. Each 
flower, that is, each of the little yellow 
florets, is inserted in a small pit. 

Let us pluck from the flower bead 
one full-^wn mature flower, and 
examine it through a lens. We pluck 
it by the narrow, yellow, ribbon-like 
growth, and we find that there are many 
parts to the flower. 


The little style or stalk of the flower 
is divided at the top into two curled 
branches, with .short hairs on the inner 
surface. 'I'hese form that part of the 
female flower which receives the pollen 
from a male flower, enabling the plant 
to produce seed. Right at the base of 
the flower is a little swelling, which is 
the ovary, where the actual seed is 
produced. Above it are some little 
hairs, and when the seed is actually 
formed these • hairs develop into a 
parachute, which eriablc.s the seed to 
sail through the air and alight safgly 
on the ground in the right position 
for the seed to enter the soil. 

Just as there arc more than a 
hundred flowers round the top of the 
stem when the dandelion is in blos- 
som, so there are now anything from 
100 to 300 seeds, each fitted with its 
little parachute, gathered in a globe 
at the top of the stalk. 

Free Salad and Coffee 

Children love to take these and 
blow them, professing to tell the time 
by the number of puffs it takes to 
remove all the seeds from the dan- 
delion stalk. Children also often 
take the stalks, which arc hollow, and 
use them for blowing soap bubbles, 
or sucking water up from a spring, 
or for blowing through to produce 
queer noises. 

The dandelion is a useful plant,, 
for the young leaves when gathered 
make an excellent addition to a 
salad, and the root, when ground 
and roasted, makes a good substitute 
for coflee. 

The dandelion is almost an ever- 
green plant, and it can be found 
flowering in every month of the year. 

But now we come to the most 
interesting thing about the dande- 
lion. As we know, to produce seed 
^ and carry on the race it is the general 
rule that the female flowering plant 
must be fertilised with pollen from 
a male flower, and this ptmuction of 

S ollen and fertilisation of the female 
ower does take place in the dandelion. 
But the strange thing is that if the 
dandelion, for any reason, is not fertil- 
ised, it still produces seeds, which means 
that the n^her dandelion can have 
offspring ^en when there is no father. 
Wc find this kind of thing among some 
of the lower forms of animal life, but 
it is rare among flowering plants. There 
are some, however, wmch follow the 
strax^e custom, and of these the dande- 
lion is the most common and familiar. 
The discovery that the female dande- 



WONDERS OF ANIMAL AND PLANT LIFE 


li'>ii llowor is abU» to produce 
\vit)u)ut beiiij* fertilised with pollen 
Ims only been m.'ule diiring the last 
!i*\v years. A botanist, making exjH.Ti 
inents, leinov'eil the po)len-b(^arin^ and 
pollen reeeiviiif* oi>»aus of dandelions 
l>(‘loie they were mature, and left the 
])I mis fifrowin^ in <'»• special position. 
Siranf»elv enou;»h the seeds were pio 


luctsl, just as though the flowers had 
bi*eii fertilised in the ordinary way. 

The curious thing is that the dande- 
lion should go on producing pollt'ii 
wlu'ii it doe-i not need it. Nature docs 
not usually produce anything that is 
111 I necessary. 

It is not customary in Kngland to 
cultivate the dandelion, but in France 


the plant is giown by market gardeners 
rounil about Paris in order to supply 
the markets with the fresh young 
leaves lor salads. There was such a 
demand lor tJie wild leaves that the 
enterprising gardeners began to glow 
the (landelion as a pot-herb and by 
selecting the best seeds they soon 
improved the spitsTies. 


GRASS THAT GROWS AS TALL AS A CHURCH SPKE 


W i'. may have seen some very tall 
grass growing in iCngli.sh fields, 
ati<l little children hiding in it 
^o that they cannot be se<*n from a 
<hstaiice Hut do not usually think 
ol grass growing as tall as a church 
s])ire, nor as thick round as a tree 
trunk, nor as liard as a brick. 

N et there are m ICastern couiilries, 
like C hina and Japan and Malaya aiicl 
the Fast Indie.s, grasses that grow to 
this enormous si/(‘. The grass is called 
bambfio, the name by which the natives 
know it. 

Jake our own grasses, l)amboo springs 
from an underground rout stock, and 
the stiuiis grow as closely together as 
do the blades of grass iii our fields 
aiicl lawns. Olteii the stc'ins rise to a 
height of 120 feet, and they are as big 
round as the (runk of a birch tree 
When stamling in a bamlxM) grove it 
is dithcidt to think of these giant 
plants as being merely grasses So 
elo.sely together do the steins grow 
that it IS often quite impo.ssible to 
pass through a bamboo plantation. 

'I'he growth is aina/.ingly rapid 
Hamboos have bet!ii carefully watched, 
and have been lound to grow as much 
as lO indies in a singJe day In fact, 
it is often said, aiul it is almost literally 
true, that yon can stand and see the 
bamboo grow 

Grass as Food and Shelter 

111 ('hina, although the bamboo grow'S 
wild, it is also cultivated as carefully 
as any otlier useful plant, and it is 
<'mployed for very many jmrposes 
The young shoots and the seeds are 
used as foo<l, while th<' hard, wootly 
slt'ins are used for building hoiisi.‘s anil 
making furniture and vehicles and 
agricultural iniplenieiits. The stems 
al.so serve as masts for small .sniling- 
bocits. and the fibrous material is used 
in making the walls of native houses, 
mats, .screen.s, Iniskets, utensils, liats, 
capes and ropes, 'fhe fibre is also used 
lor the wicks of candles. 

Marco Polo, the famous traveller 
<»f tiu.* Middle Age.s, w'as familiar w'itli 
bamboo, and he tells us how he saAV 
the people of the Fast split long canes 
of bamboo, 30 feel 111 length, and from 
the thin pieces tw’isted together make 
nipes as long as boo feet, wdiieh wen* 
used for towing boats on the rivers and 
canals and for other purpo.'^e',. 

AiiothiT early traveller describes 
how these ropes were made in China, 
the unlives mounting scaffolds 12 or 
15 feet high and letting the cord 


kill to the ground as it w'as plaited. 
Haniboo rope is excet’diiigly good, for 
it is not only strong, but very light, 
and can Ikj used in circumstances vvliere 
fiempen <’onl W'ould be loo heavy 
The sails of f’hinese junks, as well 
as the cables and rigging, are often 
made of bamboo. .\n old \'euetiaii 
traveller tells us that during a visit 
to the Fast lu* saw ^ prince's palace, 
Hie roof of whicli was made of bamboo 
canes, rielily covered with gill and 



A bamboo grove in the province of Che> 
kiang, China, where the giant grass grows to 
a height of over a hundred feet 


variiislicd Each ot the canes, he says, 
was three palms in circumference aiul 
10 fatlioms long, ami being cut at the 
joints, was split into two equal parts 
and laid alternately concave and con- 
vex to form gutters. 

In recent years bamboo has been 
gn*ally used in Europe and America 
lor the making of ch(*ap furniture, 
such as tables, chairs and bookcases. 
Hut, of course, it kx>k.s less appropriate 
ill VVestern houses than it does in the 
Ea.st. 

The ('hinose make paper from bam- 
boo by hand proce.sses, but though 


the yilant is fibrous, no method has 
yet been found of utilising the fibre 
for the manufacture of ])aper by mod<*rn 
mechanical methods. If somebody 
could hud a way of dfiing this cheaply 
and producing a really tough paper, 
tlie whole paper indii.stVy of the world 
would be revolutionised. It would be a 
great 1 x 300 to the world to discover 
some way of making good serviceable 
paj3er from bamboo fibre. 

One of the problems that has facerl 
the world in recent years is the po.ssi- 
bility of a paper famine. 'Phe pa])er 
we u.se now for our newspapers and 
books is made from the timber ol 
trees that take many years to grow 
Hut bamboo, Ix’caii.sr ot its very rapid 
growdh, would be the most useful 
of all ])l.'ints for the purpose. 

Whetstones Made of Bamboo 

While looking like tiee tnmk.s, the 
bamboo stems are quitt* ilitlereiit in 
structure. 'I’hey are hollow, like great 
tubi's, and the outsides are coated with 
a deposit of flint, so thnf tin.* woody 
bamboo is hard to cut and the e<lge lil 
a knife used upon it is .soon blunted. 
It IS the mineral matter in the bamboo 
that turns the edge of the* knife. So 
flinty, indeed, is this, that the bamboo 
is often used in C'hina as a whetstone. 

'Pile seeds of these giant grasses 
vary a good deal in charaeter. In some 
species of bamboo they ure like a big 
nut, w'hilc in others tiiey are large and 
fleshy, something like an ajqfie. 

Like other grasses, the bamboo has 
joints all Hie way up its length, aiul 
at eacli joint th(*re is a partition or 
diaphragm across Hu* stem. 'I'lie natives 
of China and Japan are very fond of 
making ornaments and utensils out 
of the thick, hollow tubes, limbrella 
.stands, vases and so on. of carved 
bamboo are (juiie familiar objects in 
ICasterii houses. *Phe diiriciilty with 
the material is that when if becomes 
dry it often sjilits. I'he hard, woody 
divi.sions at the joints enable the 
bamtxM) to he made into receptacles 
such as flower vases. 

Like our English grasses, the bamboc? 
bears flowers in bunches. Some species 
bloom every year, while others go 
several years without any blossom. 
Of all the liigher types of plants the 
bamboo is the most rapid in growth. 

When bows and arrow's were used 
the people of the I'-ast used bamboo 
very largely for their bows. They have 
also used the bamlxio canes as pipes 
for cotiveyiiig water. 
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THE WORK OF DIFFERENT PARTS OF THE BRAIN 
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THE WONDER OF THE BEAUTffUL CAMEO SHELL 


F kom aTicirnt limes h;ivt‘ 

always bcHMi as art 

trccisares <»f ji;rcat value. A camts) 
is cl precious stone which is so carved 
that th«* (Jesif»n, whether it be a portrait 
or some oUk'I' rj;»ure. stands up in rt»lief 
above tlie background 11 is the oi>im)’ 
site of wlial is known as an inta^Oio, 
in w'hich the (lesij*n is cut inlo the stone 
and is, therefore, lower than the main 
1ae<* of the Kem. The word intaKlio 
comes from ilie Italian, and means *' cut 
into,*’ but nobody knows the oriL»in 
of the word cameo. 

Beauty from a Strange Source 

Now while in ancient times there were 
many cameos made of preeions stones 
of all kinds, a new kind of cameo has 
been made in nardeni times, and the 
modern cameo is carved not on a j>re 
rious stone, but on a shell. 

In the days of Queen Vicloria shell 
cameos were tiuide into rings ami 
brooches and were largely worn. They 
are not worn to-day, but we often see 
them in the windows of curio shops, 
and many people collect them Not 
many, liowever, know' when tlu'v see 
one of th(‘s(j brooch cameos that the 
material that provides the beautiful 
relief w'ork is from the she.ll <»f a im*!- 
Jusc. w'hich is a relative of our snails 
and slugs 

There arc several kinds o! shells 
used f<»r the cutting of cameos, but the 
best is known as the Bull’s Mouth shell 
because of a fanci(?fl resemblance l»e- 
tween the pointed end of flic shell and 
I lie mouth of a bull. Scientists rail 
this mollusc Cassis rnfa, a name which 
means red helmet. It is 
quite a good name., for 
1.he sliell is sha])ed very 
much like* a helmet ami 
Ihe outside of it is red 
When w'e look at one 
ol these shell.s six inches 
oT so long and nearly as 
broad, it seems wonder- 
ful to think that a solt- 
bodied creature like a 
snail can have built up 
the shell from materials 
which it finds in the sea 
water. 

Layers of Ck>lour 

The cameo shells are 
found in the sea in both 
theb-ast and West Indies, 
and round alK)ut Mada- 
gascar. and they are not 
of the same material 
t hroiighont . 1 1 is because 
there are layers of differ- 
ent colours that the shells 
are so much sought after 
for the cutting of cameos. 

Some of them are really 
extremely beautiful and 
classical figurOsS are 
carved so as to stand out 
in ]mre white on a brown 
or fawm background. It 
would be interestin'? to 
know who was the clever 
man who first discovered 


that he could make a cainc'O out ol a 
mollusc's shell. The finest cameos niade 
from precious stones are carved on 
gems like agate that consist of layers of 
mineral of different colours, and perhaps 
that gave the idea to the first shell 
cameo cutter. 

On this j)age is .sliowii an example of 
a cameo brooch w'ith the. Three Graces 
carved on part of a shell, and the whole 
cameo is mounted in a gi>ld circlet. 



A beautiful specimen of a cameo brooch 


But more interesting is the lower pic- 
ture which shows a cameo .ictually 
carved on the shell itself, and remaining 
on the shell. 

At the time when cameo brooches, 
rings and pendants were fashionable, 
the carving f»f the de.sigiis on the shells 
was quite a big industry. <*specially in 
th<r south of Euroj)e, wdiore many 
artists earned a good living producing 
whal can quite jn.'itifiably be called 
works of art. Now, liowwer, far 
fewer shell cameos are wanletl. 

Shell Trumpets of the Ancients 

The cameo shells belong to that 
bram-h of the great iiiolhisc family 
w'liich is known as the gastropods. 
Theieare many branches of the family, 
one being the snails and slugs, another 
the liinp<*l.s, another the wdielks, an- 
other the periwinkles. 

A branch of the family to which the 
cameo shells belong includes the tritons, 
those large and strong m.arinc shells 
found in the Pacific often a fr)ot oi more 
in length. The triton shc'lls of tlie 
Mi'diterranean, a ditlereiit species from 
their i*acifi(‘ relatives, were used by 
the Ancient Komans, as trumpets. We 
often see pictures ol the ancient gods 
blowing largt‘ triton shells. 

The cuttle fish, the squid, and the 
(>ct<»i>iis and also the, pearly nautilus, 
an^ also mollu.scs, and are related to 
the cameo shell mollusc, 'fhe name 
mollusc, whicli means soft, was finsf 
given to the cullle-fishes only, and then 
later on was <‘xtended to all tlie other 
membor.s of the family. 

'flic chid feature of the members 
of the gastropod family is 
the ])nssessiou of what is 
known as a foot. Pod** 
means a foot, fif course, 
it is not a fool in the same 
sense as our own »>r that 
of birds and mammals. 
What is called a foot in a 
gastro])od i.s a muscular 
expansion on the under- 
side* of th<! body, and it is 
by means of this that the 
cfcaliire is able to crawl 
over some firm substance 
like the ground or a rock. 

A BAarvel of Nature 

How strange it seems 
that a creature of this kind 
can produce a shell so con- 
structed that with it a man 
can make a beautiful work 
of art. Yet the man who 
is so clever in this way can- 
not possibly do what the 
mollusc does, namely, make 
the shell from materials 
dissolved in the sea. It is 
one of the greatest marvels 
of nature that these soft 
creatures that live in the 
.sea can extract from the 
water the mineral matter 
and build up shells for 
their homes of a vast 
variety of shapes . and 
sizes. 



A cameo carved on the shell of a mollusc related to our snails and slugs. 
It IS from these shells that cameo brooches are made 
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LYNX-EYED CARA CAL GETS ANGRY 
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rather than the forests, and its food consists of aazelles small dM»r ha ^j*^**}^ Africa, It is a creature of the crass and hu«hae 
to .pring up «.d C.ptu« . bird on th. wing .t . heig.;* of si* feet. tS ten made^ prt'" 


HOW A TELESCOPE BRINGS THINGS NEAR 


imaqe which has been 
bw/ce m^erted 


image as inserted 
by convex iens 


Convex iens receiving and 
inver ting image of tree 


Convexim 


This picture-diagrrain shows an Quinary telescope for looking at objects on the Earth. It is known as a terrestrial telescope, from the 
Latin word f^rra, meaning the Earth. It differs from the astronomical telescopes shown below in producing images in their true position 
and not upside down This result is brought about by using an extra convex lens. Rays of light paiss from the object to be viewed to 
a convex lens known as the object glass* which corresponds to the object glass of a microscope as shown on page 23. This curved lens 
Muses the mys to be bent at an angle, and to cross one another, forming an inverted image of the object at a certain point in the 
telescope tube. This inverted image is once more inverted by the convex lens first referred to, so that an image the right way up is 
formed near the eyepiece. The distant object seen is thus brought near to the eye and appears as if it is only a short distance away. 
In order that it may be seen better, it is viewed through a magnifying glass in the eve-piece* and so the object appears large as well as near 


^imaqe of tree os seen 
. magnified by eyepiece 



Xf'® earliest telescopes used by astronomers were like the terrestrial instrument shown above, except that there was no extra lens to show 
the object right way up. The largest astronomical telescopes, however* are of a different type known as reflecting telescopes* because 
the image of the star or other object is caught by a big mirror and reflected back to another mirror or prism. The type shown here is 
caUed the Cwsegrainian telescope* after its French inventor Cassegrain, who lived in the 17th century The rays from the star are 
caught by a large concave mirror near the eyepiece and reflected back to a small convex mirror at the other end of the telescope. This 
in turn, reflects them back, through a small opening in the large mirror, to the eyepiece where the observer sees the star through lensei 


Concave m/rror 


Direction of r a qs changed by prism fk 




This IS the Newtonian telescope invented by Sir Isaac Newton. Here the rays from the star or other object 
are caught by a large concave mirror at the end of the telescope and reflected back to a small right-angled 
prism placed in the po.sition shown. The liglit rays enter the prism and are reflected by the slanting face, so 
that they enter the eyepiece almost at right angles. The eyepiece in this telescope is in the side of the tube 


RrfI 


yepiece 


wichienses 


Concave mirror 


SmaH concave mirror 
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in this picture-diagram we have the oldest type ot reflecting telescope invented by James Gregory, a Scottish mathematician, in 1663, and 
called after him the Gregorian telescope. Gregory was the actual inventor of the first reflecting telescope. It is very much like the Casse- 
grainian telescope shown above, except that the image is reflected from the large concave mirror to a small concave mirror instead of 
to a convex mirror Then the rays are reflected back once more and pass through a small opening in the large mirror to the eyepiece 




-E^iece 


Concave m/rror placed at a slant 


Rays reflected to focus ot the s/de 


Finally, we have here the Herschelian reflecting telescope invented by Sir William Herschel. in this instrument the concave mirror 
is slightly tipped so thai the image of the star, instead ot being formed in the centre of the tube, is formed near one side of it, and the 
observer thus looks directly towards the big mirror. It is the simplest type of reflecting telescope and involves the least loss of light, but 
the slant of the mirror causes some distortion of the image viewed, and for this reason the Herschelian type is now entirely abandoned 




THE ROMANCE OF THE TELESCOPE 

The invention of the telescope is one of the greatest romances of science, for it is this instrument that has 
revealed to us the marvels of the universe in which we live and move and have our being. Without it we 
could never have known anything about the nature of the countless suns and worlds that are dotted through-* 
out space ; they would have remained for all time merely twinkling points of light. Here is the story of the 
telescope and its invention in the early years of the seventeenth century 


W HO made the first telesec i]u' No 
one can say, for its inventor is 
nut known definitely. althoitp;h 
there seems little doubt tliat Holland 
can claim the honour of licirit; the 
country that Rave this wonderful and 
valuable instrument to the world. 

There is a story that it was a spec- 
tack‘-maker’s children jdayin^ with 
/lenses who first inach? the Rreat dis- 
covery that by means of eon vex glasses 
distant objects could be brought near. 
They wlmc: the children of Zacharias 
Jaiiscii, a tradesman of Middelburf', 
and were one day holding up the lenses 
to look at various objects through 
them when suddenly one of them cried 
out excitedly that the weathorcoc'k of 
the church had come nearer. 

His father, hearing tlie cry, came out 
of the shop and found that it was a 
tact that by arranging the lenses in 
Iron! of one another he could bring the; 
vane on the church spire 
much nearer to the c'ye than 
it actuallv was. He fixed 
the lenses to a boanl for 
•steadiness and is said to 
have thus made' the first 
tc‘lesco[>e. 

The Moving Church Spire 

The honour ot inventing 
the telescope is, however, 
claimed for another Dutch- 
man, alsc.) a spectacle-maker 
of Middelburg, one Hans 
1-ipix‘rshey, arid he, too. is 
said to have obtained the 
idea accidentally by bring- 
ing the church spire nearer 
when holding up lenses to 
look through them. A ttiird 
claimant for the invention 
of the telescope is James 
M(M:ius, of Alkmaar. But 
whichever was the true in- 
ventor there is IK* doubt 
that it was in Holland that 
The first telescope was made. 

When in 1608 Lippershey 
applied to the States- i 
General of ?Iolland to grant 
- him a patent for the teles- 
cope, this was refused on the 
ground that the invention 
was already known, but the 
Slates-General ordered one 
or more instruments from 
him and commanded him to 

keep the construction a 

secret, as Hollarkd was then How a D 
at war and it was lioped to the telesc 
.reap great advantages from thereto 1 


an instrument that would bring the 
enemy's fortifications and ojierations 
near to view. 

However, telescopes began to find 
their way to Paris and other towns in 
Northern Kiirope, and Galileo, the 
gic'cit Italian astronomer, having lieard 
about them and being unable to secure 
one, set about rc-in venting the instru- 
ment. and made several telescopes 
which <ipeiied the wonders of the 
h(!aveiis to him. He is really the hero 
of the telescope, for h<; it wiis who 
improved the instrument beyond all 
recognition, so that it was able to 
leveal marveds that had never been 
dreamed t)f before. 

Among the first of the discoveries 
w'hich (hdileo made with his telescopes 
was the fact that the Sun has spots on 
its face. Tlicii he found that the planet 
Venus has phases like the Moon, that 
is that it is sometimes a disc and some- 







How a IHitch spectacle-maker’s children are said to have invented 
the telescope 1^ holding two convex lenses in front of one another/ 
therelqr making the w^hercock on the church look much nearer 


times a ctesceiit. Next he discovered 
four of the moons of Jupiter, and then 
the rings of Saturn, although he did 
not know that they were rings ; he 
thought they were satellites, one on each 
sid<‘ of the planet as shown on page 85. 

Galileo's best telescope magnified 
only about thirty times and the making 
of lenses in his day was so imj)erfect. 
that his telescope was far inferior to a 
telescope with only the same power 
made lo-day. 

The principle on which these early 
telescopes were made can be seen in 
the first picture? on the oppe»site page. 
It is a retracting telc.scopc, but there is 
one diflerencc, and that is that an extra 
lens has been put in so that the object 
viewed can be seen the right way up. 

This is necessary lor the telescopes 
used by seamen aiid others. wUicli are 
to bring near ships and other objects 
on the earth itself. If these were 
seen upside down it would 
be very inconvenient, but 
when we are looking at the 
Moon and planets and other 
objects in the sky, it does 
not matter that they are 
seen hi verted, and so the 
extra lens i.s left out of 
astronomical telescopes. 


Two Kinds of Telescope 

The big lens at the end of 
the telescope brings the 
object near and focuses an 
image of it in the tube, and 
then the image is magnified 
by another lens in the 
eyepiece. 'I'his kind of tele.s- 
cope is called a refracting 
telescope because the rays 
of light are refracted or 
deflected by the lens. 

There is another kind of 
telescope, however, and that 
is known as a rcflc^cting 
telescxiipe. liecauac the object 
viewed is not looked at 
directly but is first caught 
by a largo mirror and then 
reflected biu*k by another 
lens or a prism to the eye- 
piece. There are different 
forms of reflecting telescope, 
invented by different astro- 
nomers like Newton, and 
Her sell cl, and these are 
shown and explained on 
the opposite page. Another 
kind of telescope is the 
radio telescope descrilied 
elsewhere in this book. 





INSroE THE WORLD’S BIGGEST TELESCOPE 
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I (w/tftn' to a popular hrlir/, the usinnmmcrs who use the ruhmur tdescohe tin not look 
through a tube but down a luttuc fruuu'wnrk, so that thev have their hacks to the skv thev 
are ohservtnfi. The observer ts seated on the top of the frameu'ork and secs the sky re fie, ted 
from a mirror at the bottom, as shown in the fop rif'ht hand drawUv: and the duvram 
beneath It. 1 he reflection from the mirror is then photographed. The telescope ts so 
powt^rful that by its aid the moon tan he Imninht within an apparent distance of Js wiles 


These drawings give you some Idea of Uie enormous size of the telescope at Mount Palomar Observatory. California, and how this 
jreat astronomical n^trument works The top left drawing shows the telescope on the counterweighted mounting that enables it 
to point to any part of the sky. and the bottom drawing shows the building in which it is housed. See afso photograplu on page 1 130. 






HOW jm_GIANT TELESCOPE IS USED 



In this photograph we see an astronomer at work with the great loo-inch reflecting teleBmn* at 
mirror is 13 inches tiiick, that great thickness being necessary to prevent the mirror from^^dliw under'*its 
tion of the huge mirror, which took ten years, was mU worth^rhile, for theToo-im* Ew h^SU 

of photogr^hy, the presence of over three hundred million new stars. The instrument is^o^ in” steeTb^’iilT^^a^lIrfl!? 
foot dorm weighing 500 tons, and this can be revolved by means of electrical appliances as earil^ if it wre mad^ 
the moving parts of the telescope are also electricUy controlled. There U a aooTinch reflStiTwSiSi « Mo^^f 
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WHY THERE IS A LONG POLAR NIGHT 


M any peo]>le cannot unclcrslaiid 
why it is that in the polar 
regions th<? Sun is tiot seen and 
darkness rei|;;iis for about live months 
of the year, and tJiat the Sun never 
sets for another live months. 

The picture on this paf^e will explain 
the matter. It is because the Karth is 
tilled that the polar rcfiioiis have a 
niglit lasting for nearly Jialf the year, 
and then a day lasting for nearly the 
other half. If the Earth turiuul found 


on its axis in an upright position day 
and night would be equal all over the 
world. 

In the diagram we are supposed to be 
looking down u|K>n the North I’ole and 
the Karth, and we sec that as the Sun 
shines upon the Earth half of the 
sphere is lighted up. but when the tilt 
is away from the Sun the Sun’s rays 
cannot reach polar regions. On the 
other hand, when tlie tilt of the axis 
is ii^wards the Sun. then the Sun's rays 


reach the polar regions for the whole of 
the 24 hours. The same thing happens 
round the South Pole, only of course 
when the long daylight of many montiis 
is expcrienceil there, it is the polar 
night in the north, and vice versa. 

We can understand, after studying 
this picture-diagram, why it is that the 
Sun can be seen shining in the sky at 
midnight in far northern regions like 
the north of Scandinavia as shown in 
the photograph printed on page 77. 
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In this picture-diagram we are looking down upon the Earth's northern hemisphere, and we see its position in relation to the Sun for 
each of the twelve months of the year. Because of the tilt of the Earth, for several months the Sun's rays cannot reach the regions 
round the North Pole, and similarly when the North Pole is tilted towards the Sun, as in the spnng and summer, these regions are never 
out of the Sun's light, and so there is a long day lasting over several months. Of course the reverse happens round the South Pole, 
that is, when winter reigns in the north it is summei in the south, and when it is spring in the north it is autumn in the south 

328 




THE TILER OF KENT MEETS THE BOY KING 

Everyone has heard of Wat Tyler, and knows that he was slain by a Lord Mayor of L^ondon. But not 
many people know the real story of Wat Tyler's rebellion and how it came about. Here we read the stirring 
narrative, and see how well the brave young king. Richard the Second, began his reign, although years 

afterwards it ended in miserable disaster 


R ichard tui- Skcond whs a very 
difltTciil type; of man from his 
hither, the Hlack Prince, a lul his 
gnuid fattier, the brave and strong, 
minded JCdward the Tliird. He was 
more like his great-grandfather, 
ward tlie Second, and his reign of 
twenty-two years ended in niin and 
disgrace. 

Yet lie started well. The; last few 
years of Edward the Third's reign had 
not Ix'eii ha])py <iiies for tlK‘ country. 
The old king fell into the hands of 
bad favourites, the war with l^'rance 
led to oppression and ruinous taxation, 
and the king’s son, John of (hmnt. 
Duke of Lancaster, with two of his 
brothers, the Dukt^s of York and 
Gloucester, took charge of affairs, and 
ruled so harshly that the people canic 
to hat<f them. 

Then the oUl king died, and Kichard 
mounted the throne, while he was only 
clev<*n years old. Of course, he was 
far too young to take the r<‘ins of 
govenunent into his 

own hands, and so his 

powerful uncles went 
on ruling the country 
in his name. 

The New Poll Tax 

Everyone was dis- ll^ll 
posed to love the young 
king for his father’s 
sake, and hoped that he 
would prove a worthy 
succes;:or to the great 
King 1 C d w a r d the 
Thirtl; and indc^rd, the 
first active part the 
young king took in the 
conduct of affairs pro- 
mised very well for the 
future. Unfortunately, 
the promise was not 
fulfilled. 

The war with Franct: 
still went on, and more 
and more money was 
needed to maintain the* 
armies abroad. Taxe.s 
increased as the ix*opl(! of 

became impovei’ishkl. This picture of 

and at last the taxes 

would not bring in sufficient money to 

pay for the war. What could In; done ? 

A new tfix wtls invented, known as 
the poll tax, which meant that there 
was a tax levied on every head or poll 
in the kingdom. At first it was not so 
bad, for, like our own income tax 
to-day, it was graduated so that people 
paid according to their means, or, at 


any rate, their rank and position, 
'riie ^H'asants were to pay one groat, 
or loiirpcnce, barons /. 2 , earls and 
the Duke of Lancaster, the highest 
subject in ilic realm, was to pay 
/,o 13s. 4d. 'Tlie.se sums may not 

se<*ni very great to us to-day, but we, 
must remember that at that lime 
money worth at least tw<*nty times 
what it is nowa<lays. A groat would be 
e<pia.l to alHiiit Os. 8d. iuid that was a 
very large sum tor a |x>or labourcT to 
find, seeing that wages were very, very 
small, «is compaied with to-day. 

The Crushing Burden of Taxation 

When tlie tax was collected there was 
still not enough to pay for the war, 
and so in the following year another 
pidl Uix was levied, and this time not 
only was it greatly increased, so that the 
poorest pt'rson had to pay three groats, 
eipial to alxiut £1 of our money, but 
there was less care in graduating it. 
Instead of specifying what the people 



want ? '* called out the King to the people on the river hank. 
King Richard meeting the rebels, is from an old painting 


of different ranks were to pay, a general 
statement was issued tliat the rich 
were to help the pCKir. 

In those days the rich had very little 
regard for the poor, and looked upon 
them more or less as cattle, useful for 
doing the world’s work, but with no 
claim on the consideration of those 
above them. They therefore did very 


little in the way of helping them with 
their taxes. 

Not (inly .so, but when Die money did 
not c(une in fast enough, commissioners 
were sent all over the country to speed 
up the tollecf ion, and to .set; that people 
paitl. 'J'hcse commissioners weie far 
troni lieing tcictful and considerate. 
They were overbearing, and not only 
.searched the houses, but Die persons, oi 
the people, t<i IiikI out it they were 
concealing anything of value. In 
many cases their behaviour especially 
to women, was extremely rude. 

The fM*ople all over the country were 
boiling with rage, and their coiitlition 
was very much likr that of gunpowder, 
only wailing tor a spark to make an 
explosion. 

'This spark was applied at Dart ford 
in Kent, where one of the commissioners 
or lax collectors insulted the daughter of 
a tiler, that is, a man who tiled roofs 
of houses. 'The man’s name was Walter, 
and he was calletl Wat for short. In 
those days the common 

p c; o p I e had no sur- 

ruimes, and so to di.s- 
tiriguish this Walter 
fro ni others he was 
known as Wat the Tiler. 
In history he is gener- 
ally referred to as Wat 
Tyler 

A Tax-CoUeotor*s Fate 

So angry was he at 
the treatment of his 
daughter that, taking 
up a rod used in his 
trade, he felled the col- 
lector, killing him on 
the spot. 

The townspeople ap- 
proved this deed, and 
the iiew.s of it sprcail 
like wildfire Dirough 
the countryside. The 
people flocked in, de- 
termined that now at 
last they would rise 
against the oppression 
1 the river bank, from which they had 
an old painting ix'cii suffering and put 
an end to it. 

Wat Tyler is said to have taken the 
lead, but there were various other 
tilers who joined the crowd, and it is 
difficult to know which is referred to 
in the old chronicles. However, the 
general opinion seems to be that it 
was Wat of Dartford who took the 
lead, and he was joined by two other 
men who took a prominent part. One 




ROMANCE OF BRITISH HISTORY 


Unowii as J.'u'k Straw, ami pn^b.^blv 
lu* wiiv, a that(.lu‘r, whiU' (lie* other was 
a priest iiarnerl Jt^hn Hall. Froissart 
tails him " a crazy ami says 

that, he had Ikh-h three times sent to 
])risori hy the Archl)ishop ol ( ‘aiiterhury 
for ]a'eailim” in sut h a way as tt» 
iidlariic' the people. 

h'v('ry Siiiiday, »ilter mass, as the 
pe»»pU‘ were (omiii^ out f)f chiireli, 
John Hall, we .ue told, preai hed to 
them ill the market ])l;ue in this way : 

" iVlv r^ood Iriends, tlmiK-s canned j^o 
on well 111 iMi^larul. nor ever will, until 
t'vorythin)^ shall he in ttanmon : wlusi 
there sliall he m’ither vassal nor lord, 
and all distinctions shall tx* levelled : 
w^hen the lords shall he no more masters 
than ourselv<‘s. How ill they h.ive 
used us ’ And for what reason do they 
hold IIS in hondiij'e Are we not all 
tlescended from the same parents, 
Adam and l‘A*e ? 

*' And what can lliey show or what 
re.'tsons give why they should be more 
the mast<M*s than ourselves, except 
perha])s If] making us lahoiir and work 
for them to s])end ? Ihey are ckdhed 
in veUi’ts and rich stulls, ornamented 
with erinine and other furs, while wc* 
are forced to wear poor tloth. 

“ Let us go to the King, who is 
young, and ri'inonslrate with him on 
imr servitude, telling him we must 
have it otherwise, or wc shall (ind a 
remedy for it ourselves.'’ 

It is interesting to note that 


rf)se like wild lions to seek their prey, 
and leaning about the fiekls, tc‘rrifie(l 
all tle‘ ciii/ens w'ith their w'ild hee-haw. 
'I'hev vvmild no longei earry saeks into 
the town, nor beiifl their backs tti any 
burden They rlaimed to be lodged 
and combed like horses. Ox is a lion ; 
ox is a h'opard : ox is a liear ; but his 
»'>ld ch.i racier ox hi‘ has torgulten.” 

Nevertheless, even Gower, who dis- 
likeil the crowd so iimeh, believed that 
th(*re were great evils which led to the 
trouble. 

The Rebels and the Frightened Queen 

iiandtng tIuMiiselves togetlier into a 
force of some t‘>o.oiw, and arming them- 
selves, the pc'ople started b> march to 
lauidon. Wat “Tyler at their head. As 
this pi'asant army marched it gnwv in 
siz(», but on the whole it behaved well. 

For instance, on the road to London 
the people met the Princess of Wales, 
the mother of the King, who was 
ndiirning from a pilgrimage to Canter- 
bury. '1‘hey frightened the good lady, 
but "otherwi.se did not molest her. atid 
she was able to continue her journev 
to London. So remarkalile was this 
that h'roissart e.\])laiiis the matter by 
saving that “ God preservtsl her.” 

It is true that as Hiey vvctiI towards 
London Wat 'J'yh‘r*s iollowers hurst 
into many manor houses, and ransacked 
them, and also put to death lawyers 
and otlh'f oHicials, whom they en- 


prisoned John Hall, and a number of 
nobk's. shut them.selves up in the 
Towtjr of London. 

The wealthy eitizons, hearing that 
Wat Tyler and his friends had de- 
eUired that they would overthrow the 
t'loveriiment and divide the wca'th of 
the rich among the poor, looked upon 
Wat 'Fyler and his followers as a mob 
of rubbers anti plunderers, and they 
determined to keep them out of the 
city. They therefore shut the gates of 
London Hridge. 

Young King Richard, who .seems to 
have had a good fleal of courage, 
row'tid dowui the 'riiames to Rotherhilho, 
where io,f>oo men had gathered, and 
when they saw his barge approach they 
set up a great shout. The King was 
ailvised by his barons not to land, but 
to hav e the barge rowed up and down 
the river. 

What do yon want ? ” calletl out 
the King to the people. I have *:ome 
here to liear w»liat you have to sav*" 

“We want you to land," was th«^ 
reply, “ so that we can put our case 
belore you." 

The JCnrl of Salisbury, however, 
urged the King not to land, and c alU‘d 
out to the ]>eo]>le: “Sirs, you are not 
projierly dressed, nor in a fit condition 
for tlie King tc> talk with yon.” 

The bargi‘ rowed back to tlie 'I'ow'd*, 
and the people, se(‘ing that they had 
laih cl to gain their way, went back 
angrily to HUw klieath to re- 


wiieii limes are bad there are r 

ribvays sonu' who preai li C.om- | 
iminisTu, and suggest that the 
goods of tJie rich shall la* 
divided up among the poor. 

John Ball's Text 

Of eourse. if this wtTe done 
it would make little clifter- 
ence, for all tlie riches ol the 
well-to-do, if spread out 
among the? mass of the people, 
would give very little to earli 
It is a teaching that finds 
a hearing when people .are 
opprtjsseci, as it did in Russia 
after the Great. War. 

Of course, there was a great 
deal of trill h in what John Hall 
said. His favouiite text for 
these si'iiiions was a rhyme : 

“ WIicJi .Adam clclv.'d .ind live 

sp.in, 1 

Who i\ 'is then a ^ciitlrniaii ? *’ 

“ Delved,” of course, is an old- 
iashioned word for “ dug,” and jiictures 
of .'\dam and Fve working in the 
GardfMi used to be painted up on the 
walls of the churches, so the people 
would take a good deal of notice ol the 
rhyme. 

Of ctinrse, when the crow'ds began 
to gather the rich were very frigliteni'd, 
and they looked upon the" demands of 
Wat Tyler and John Hall as out- 
rageous. A well-to-do Kentish friend 
ol the poet Chaucer, and himself also 
a poet. John Govv^t, wrote .about the 
mob whom he likened to oxen and 
asses : “ Asses, disdaining the curb. 



The death of Wat Tyler, from an ancient painting 

eoiint erect. They regarded these mem \ 
s as their oppressors. When Ihc'y found i 

1* lists of villeins, or feudal serfs who ; 

L were compelled by law to give so ^ 

many days’ work tree to their lords, 

L* they biiriic^d the.se lists. 1 

At last the army reached Hlackheath, s 
i a large open space outside London. 1 

, clo.se by where Greenwich Observatory 1 

f now stands. i 

When news re.aclic-d f^ondem that s 
1 this grf'.'it army, now niiinbering about s 

^ 100,000, had encamped just across the I 

5 I'ivtT, there wiis much .'ilarin. King i 

i Kiihard, with the Arclibi.shop of t 

. Canterbury, the prelate who hail iin- g 


()ort to their fellows. 

“ L»?l us march instantly to 
London,” w^as the cry, and 
they immediately set o’lf. 

London Opens Its Gates 

Now 30,000 of the people 
of London sympathi.sed with 
the peasant army, .and as the 
well-to-do citizens fc;i.retJ that 
these would rise and burn 
down their fine houses, they 
at last opened the gate.s. 

'fhe peasant army crossed 
the bridge and entered the 
city. There, is no doubt lliat 
large numbers of them were 
(k'cent jieople, who merely 
w'anled the removal of the 
lianlshipswhichweiglied down 
so heavily upon them. Tli(*y 
were neither cruel nor blood- 
^ thirsty, and they sent mess- 

• ages t o t lie King in t he Towi*r, 

cleclaring that they respeited 
and would obey him, but that they 
must lay their grievances before him, 
and tlu^y expressed the liope that he 
w'ould set them right. 

'J ‘hey made four requests : fii-st, that 
they should no longer be slaves to 
another rn.'in, nor be compelled to give 
their work without payment ; secondly, 
that the rent of the land they lived 
uj>on should be reasonable, that it 
should be paid in money, and that they 
should no longer be compelled, as they 
had been, to give work as payment for 
riuit in the third place, they asked 
that they should be free to buy and 
sell where they liked, and to take their 
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goods froely to niarkc*t. Finally, they 
rt*qnost«‘d that none of tlioin shonlil be 
punished for what hnd l>ecn done since 
the rebellion broke out. 

Metin while, things were not goini; 
so well in the city. TIu' citizens who 
synipH^hised with Iht* invaders, either 
out of lear or Ironi mistaken kindness, 
gave them fi>od and drink. And when 
the pt'asants had once tasted the 
strong wine they asked for more. As 
they drank, many of them grew wild 
and violent. At first, we are told, 
‘ they did no hurt, and took nothing 
Irom any man,*’ but soon certain 
speakers began to inflame thc*m against 
John of Gaunt , and some of them 
went to his ]ialace of the 
Savoy, just outside I..ondon. and 
burned it down. Although it luul 
in it much silver, gold ami jewels, 
th<* mob did not steal anything. 

I'lir'y even put to death as a 
thief a man who was found 
carrying some valuables away. 

A Bad Night for London 

Uiifortnnately, they found a 
gn*at quantity oi wine at the 
paluct‘, and tins they drank. As 
a result they h(*cainc more wild 
than (‘ver, and now began to 
kill many of the wisdthy citizens. 

It w:is a b.id night for Lf)n- 
don, and when morning <ame it 
was fell that the mob must be 
a|)]M*ased. or the city woukl lx* 
sacked. 'I'liey demanded ag.un . A 
to see the King, and it was 
agreed that lu* should meet them. 

lie was a bov of fifteen, but 


horsemen, wlu*n he came u]>on the mob 
of '.40,000 in Sinilhfield. ITe stopped 
and said he would not proceed until he 
knew what they wan ter I, and if they 
were in trouble he would fry to help 
them. 

Wat Tyler, seeing the King, said to 
his men, " th're is the King, I will go 
and st)c‘ak with him. Do not stir from 
hence until T give you a signal.*’ Then 
waving his hanrl he said, “ When you 
shall see me make this sign, rush for- 
ward and kill everyone except the 
King, but do not hurt him, for he is 
young, and w'e can do wdual we ploa.se 
with him. I^y carrying him with us 






The young king galloped up to the men. ** Sirs/’ 
** you shall have no captain but me ** 


*' I will not,” said the sfpjire. '* Wliy 
should J give H thee ” 

Ai this Richarr.1 turned to the 
sc|uirii and said, “ (iive it him," ami 
the man gave it up, though much 
against his will. Tyler took it. ami 
alter turning it about in his hami. 
again addressed the srpiire iiLsolently, 
saying, " Give me lliat sw^ord.” 

I will not,’’ replied lht‘S(]uire, " for 
it. is the King’s sw'ord, and thou art 
not w'orthy to boar it, who art but a 
mechanir* ; and if only thou and I 
were alone thou wouhlst not have 
dared to say what thou hast, for as 
Large a heap of gold as this church." 

" By my troth," answered 
^ " I will not cat this day 

before I have thy head.” 

At this William Walworth, 
Lord Mayor of LoTidon, rode up 
to 'IVler and said, " Scoundrel, 
how ilarcst thou thus behave in 
the presence of the Kingl I 
will not live a day if thou pay 
not for it ! " 


A Brave Lord Mayor 

Whereupon lie drew .a short 
sword from under liis cloak and 
felled 'J'ylcr to the ground. An- 
other attendant ot the King 
heaped oil his horse and killed 
the peasants’ leader. 

An old story declares that 
William \\'alwa>nh si ablnxl 
Tyler with his dagger, and that 
ever since a red dagger has 
formed part of the arms of the 
(;ily of London. This, however, 
IS not true, for the so-called 



said he, 


he was u spirited youth, and he 
.sent wold to the leailers that if they 
\\ould retire with tlieir followers to "a 
fiamlsome meadow at Mile luid, wliere 
m the .siiniiner time people go to amuse 
1 hemst‘lve.s," h<‘ would come out and 
nun't them there. 

Ab(»ul (»o,ooo of the |x*asanls, there- 
fore, went to Mile JCnd, and on the way 
they Ivhavcd very well. There was 
no more murdering or looting. There 
they pres(‘nted their fourfofil petition 
t(» Hie King, and Richard promised 
lailhtnlly to grant all their demands. 
He s])oke to them ealmly ami sensibly, 
and we arc Udd that " his word greatly 
appeased the more moderate of the 
nuiltitndc, who said. ‘It is well, we 
wish for nothing more.' " 

Large numbers of the |K'ople now 
began to return to their homes. But as 
is always the case, whenever a large 
iTowd gathers together there is a 
sprinkling of hooligans whose one idea 
is plunder. Thev hope, in the con- 
fusion, to find robbery easy, and this 
was the case now. 

Large niunbersof the mob had not gone 
to Mile End at all, but remained behind 
in London, where they did some riot- 
ing and looting. Then they found their 
way into the Tower and killed the 
Archbisliop of Canterbury. 

On the following day, the King, who 
had ridden out to Westminster to hear 
mass in the Abbey church, w^as return- 
ing to the city, attended only by sixty 


through England we .shall be lords of 
It without any op|M>silioii." 

'Fhen he spurrcal his horse, and 
gallo])ed up to the King, coining so 
near that his horse’s head toucliod the 
crupper of the King’s saddle. 

King," said Wat, dost thou see 
all those men there ? " 

" Yes," replied the King. " Why 
dost thou ask ? " 

*' Btvause," replied Wat. " tliey are 
all un<ler my command, and have 
sworn by their faith and loyally to do 
whatever I shall order.” 

“ Very well," said the boy King. 
" I have no objections." 

The Rebel Leader grows Insolent 

I'yler answercid : " Thinkest thou, 
King, that those people, and as many 
more who are in the city, also under 
my command, ought to depart without 
letters from thee ? W’e will carry 
them with us." 

" I have ordered," replied the King, 
“ that the letters shall be delivered. 
But, friend, return to thy companions 
and tell them to depart from London." 

Wat Tyler, looking round, saw a 
srpiire whom he hated, for at some 
former time the squire h.ad ill-treated 
him, and they had had angry words 
together. 

" What, art thou there ? ” cried 
Tyler insolently. " Give me thy 
dagger." 


flaggtT, wliich really represents 
the sword of St. l*aul, was in the City 
arms long before T'ylcr’s time. 

'I'he situation now became threaten- 
ing, and when the crowd saw their 
loader lying rlead on the ground they 
called out " They have killed our 
cai>tain ! Let us slay them all ! " 

Hut the young King saved the situ- 
ation. At great risk to himself he spurred 
his horse and quite alone galloped up 
to the men, who were advancing. 

" Sirs,” siiid he, " wlial are you 
about ? You shall have no captain 
but me. 1 am your king. Remain 
peaceable." 

Thesi» words had their efTect. The 
rioters stayed their hands. Sonic began 
to slink away and soon the rest dispersed 
and ran away in all directions. So 
ended the Peasants’ Revolt of 1381. 

It is sad to relate that the King who 
began so well listened to Ixid advice 
and did not kee]> his promises. The 
leaders, John Ball and Jack Straw, were 
beheaded, 1,500 others were also exe- 
cuted, and the villeins were not freed. 

However, the insurrection had done 
some good, for the ]X>ll tax was entirely 
abolished, and although the villeins 
were not freed they were much better 
treated in the future, and the custom 
of paying them for their work, instead 
of comixdling them to do it as slaves, 
came into pnictice ; so that fifty years 
after the Black Death the English serfs 
at last sfKJured freedom. 
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WHERE MEN WORK WITH ATOMS 
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Although the atom is so small that it is invisible even through 
the most powerful microscope, the plant and equipment neces- 
sary to convert atomic fission into useful energy is perhaps 
the most extensive, complex, and costly of any form of human 
activity. This is well-illustrated by these photographs taken 
at United Kingdom Atomic Energy establishments, i. Furnaces 
for converting ammonium diuranate into metallic uranium. 
2. Crude uranium oxide plant. 3. Turbo-alternators at Calder 
Hall atomic power station. 4. Technicians wearing breath- 
ing apparatus and protective clothing about to enter 
radio-active section of plutonium-producing plant. 5. Heat 
exchangers, Calder Hall 
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HOW WE GET THE GAS FOR OUR HOMES 

The discovery that coal gas could be used for lighting streets and houses was one of the great steps forward 
in civilisation. It was the beginning of good lighting, for hitherto only dim oil lamps and candles had been 
available. When the rich entertained one of the greatest expenses was the cost of the wax candles, and the 
very poor had nothing but rushlights : that is, rushes dipped in tallow. Now the manufacture of gas is one 
of the great industries of the country, and in these pages we see how it is carried out 


I N many districts in recent years 
olectficity has taken the place of 
gas for the lighting ot streets and 
Iniildings. Gas, la^wever, is still exten- 
sively used for this purpose, and as it 
is also now g«*nerally used for cooking 
and heating lu)uses and is also very 
much usi-d for driving engines, tht' 
amount of gas made and consumed is 
greater than t'ver 

'I herc are various by-prodncts which 
occur in the manufacture of coal gas, 
and in early days it was a gn'at problem 
to know how to get rid of this waste. 
'J'hcn some wiuiderful discoveries were 
imuh* : tile coal tar which had been 
looked n}K»n as such a nuisance was 
tound to contain all sorts (»f valuable 
materials, and now scones of these, iii’ 
eluding beautiful dyes, and even scents 
and flavourings, are made from the 
coal tar which is proiluced during 
manutaclurc of the gas. Gf 
tliese we read in another part of 
this iHiok. 

The whole process of gas making 
as it is carried out in our 
modern world is showMi in pic- ; 
turc form on the next two | 
pages. Ihit we can make g;is 
on a small scale in our homes 
with no other apparatus or 
mati*rial than a long-stemmed 
clay pi]X? and a little finely- 
powdered coal dust. 


ti)e c.loausing of the gas given off till it 
becomes a colourless gas with very 
little smell, and the collectirm for vari- 
ous u.ses of the coke and tlie ammonia 
ami olliei sub.stances produced through 
distillation. A very large part of the 
profits deriveci from the making of gas 
is now' obtained from the sale of the 
by-products, which were formerly 
thr<.)W'ii away as a nuisance. 

It is said that coal gas in the form of 
natural gas (^scaping through cracks in 
the earlli from coal mines has b{‘en 
kncjwn in China for hundred.s, if not 
tliousands. of years, and even in Kng- 
land in the early part of the eighteenth 
century a clergyman, the Ftev. John 
('laylon, found that he could set light 
lo the w'aler in a certain ditch, so that 
it would burn like brandy, with a flaim* 


Impure Gas from a Pipe 

We put the coal dust in the 
bowl of the pipe, with perhaps 
a dab of earth or clay to cover 
it, and then wc pUice the bowl 
between the. bars of the 
fire grate, among the red 
hot cinders there. Presently 
some yellow, rather unplea- 
sant-smelling smoke is seen 
lo conic out of the mouthpiece 
of the pipe. This is really c<ial 
geis, bidng given off from the coal 
dust in the bowl, and if we strike a 
match and put it to the gas it will 
bum at the mouth of the piiie. The 
pipe is really a gas-works on a 
small scale, and we have been dis- 
tilling the coal. 

(ias will lie given off for a considerable 
time, and when at last it ceases, if we 
look in the bowd, wc shall find that the 
dust is no longer coal but has become 
ctikc. 

Gas inanufacliirc, as carried out on 
such a large scale lo-clay, is really the 
distillation of coal, the collection and 



A little gas-works in the home : making gas from 
coal in a clay pipe 

so hot as to make it possible to boil 
eggs over it. 

He damme<l up the water in the 
ditch, and dug down into the earth, 
coming at last to a bed of coal. W'hen a 
lighted candle was held against the 
hole it was found that what seemed to 
be air coming from the coal caught lire 
and burned. 


Then Mr. Clayton collected some of 
this infl<immal>Je air in bladders, and 
he used to amuse his friends by prick- 
ing a hole in a bladder, squeezing it so 
that the gas inside came out. and 
sotting light to it, when it would burn 
till all the gas had lieen presstid out. 

Not, however, till the end of the 
eighteenth century was coai gas manu- 
lactured artificially from coal, but 
from the early part of the nineteenth 
century tmwards progress was rapid, 
anrl in 1803 the Lyceum Theatre in 
I^mdon was lighted with gas, while 
four years lalei one side of l-*all Mall 
was illuminated by the same means, 
and soon after the first gas company 
was formed. 

It is curious to read now that, accord- 
ing to its promoters* enthusiastic 
calculations, it would soon yield 
£229,000,000 of profit, nine-tenths 
of which w'as to be given towards 
the redemption of the National 
Debt, leaving a profit of £370 to be 
paid to the shareholders for every 
£5 which they had inve.sicd. 

As a matter of fact, it was several 
years before the company paid any 
dividend at all, largely owing to the 
foolish opposition find prejudice of 
jieoplc in authority. 

Ill talking about coal and the 
various products that are obtained 
from it by distillation at the gas- 
works we must remember that there 
are many different kinds of coal. 
Some varieties, for instance, like 
anthracite, are almost iiiire carbon 
and contain practically no gas. 
That is why luithracite burns in a 
slow-combustion stove only with a 
red glow without any flame. Other 
kinds of coal contain a great deal 
of gas, and these are used for the 
production of illuminating gas. 
Detween the two extrenujs are many 
varieties containing all degrees of 
gas. 

It can be iindi'rstood, therefore, 
that the c|uantity and quality of 
the gas obtained, and the nature and 
relative amounts of other products 
that are recovered, depend upon 
the kind of coal that is being used at 
the gas-works. But these things vary 
also according to the conditions and 
temperature under which the coal is 
distilled, liven the size and sliape of 
the retort affects the products. For 
the production of illuminating gas. the 
coal is distilled at temperatures as 
high as 1,830 degrees Fahrenheit. 
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On these pages we show how gas is produced from coal and sent into our homes. The pictures largely explain themselves. Starting 
at the top left-hand corner, a coal ship has arrived at the wharf and is unloaded by grab-cranes into a hopper so that the coal can he 
dropped into waggons. The waggons are pushed towards a mechanical conveyor or elevator which fee^ coal into an automatic 
charger. A hydraulic ram then pushes it into a retort, where heat extracts the gas from the coal. The gas is very impure and is 
passed through a water main where tar is deposited and collected. Then it goes through a valve into the exhauster, an ingenious 
apparatus consisting of one drum within another. The inner drum turns and within it revolves a blade which moves up and down and 
pushes the gas through a pipe into a condenser. Here cold water passing upward through pipes condenses further tar, which is col- 
lected, and the gas passes down through a pipe into a washer. It travels down spaces between &>xes containing perforated metal tubes. 
Then it goes through the perforations and passes through water to a scrubber. It enters at the bottom and goes up through a staging 
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STONE PILLARS BUILT UP THROUGH THE CENTURIES 



Here is a wonderful example of stalactites to be seen in the Jenolan Caves of New South Wales. The stalactites are very evenly formed 
and, as can be seen, they have in some cases met the stali^mites, risi^ from the floor of the cave. The old proverb says ** A continual 
dropping wears away stone," but in this case it is the continued dropping of the water over many years that has built up the stone pillars 



This picture shows the Paradise Grotto in the Postumia or Adelsberg Cave in Italy. The stalactites tak e on a much more nigged form 
than in the upper photograjph. They have been centuries in the making, for this grotto was known and written about in the Middle 
Ages, hut for many years its position was forgotten. Then it was rediscovered in i8x8, since when it has become a popular show- 
place. Stalactites are generally much larger than stalagmites, because most of the water evaporates before it reaches the ground 
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WHAT THE ICICLES OF STONE TELL US 

Everyone admires the festoons of crystal-like rock that hang in limestone caves and are known by the name 
of staiac^t^, and also the erect pointed pillars that arc called stalagmites. These always look very dazzling 
when lighted up by flashlight. But in addition to admiring natural formations, we ought to know how they 
are formed and in these pages we see the stalactites and stalagmites and learn the story of their growth 


I N many ot the limc.stoiu- raves ol the 
world there hang from the ceiling 
lung tapering pendants of stone, 
which for all the world rcstnnblc icicles 
in shape. 11 is quite easy to under- 
stand how they have been foriiiod. 

When the rain falls it begins as pure 
^^^'lteI•. but as it passes thiough the 
atmosphere it dissolves some of the 
gases in the air. Tlicn when it reaches 
the ground and begins 
to sink thi'oiigli the soil 
it di.s.solves still more 
impurities obtained 
from decaying plants. 

This jnocess makes 
the water capabU* ol 
dissolving mineral 
matter, and so, jls it 
passes through the 
nx-ks, it di.ssolvcs more 
and mon^ ol their sub- 
stance and becomes 
what wc term hard.” 

One gas which the 
water absorbs in this 
way is carbon -dioxi<le 
and when the water 
contains that gas it 
will dissolve liniestoiu* 

Why Water is Hard 

We kiu.»\v what harrl 
water is: in many dis 
tricts the water that 
flows Itotu onr taps is 
hard water, that is, it 
has di.ssolved in it a 
larg(‘ quantity of 
mineral matter. When 
we boil this water in 
the kettle it gives up a 
gr<jat deal of the min 
oral malt(M', w hich gets 
dejiosited ro u n d t li e 
inside of tlu* kettle and 
in the spout. 

In some places the 
water is so hard that 
kitchen boilers have to 
be scraped and cleaned 
out once every six 
months, and even lea- 
"|Tot spouts become 
clogged with mineral 
matter. 

Now when hard 
water such as we have 
de.scribcd flows through 
a layer of limestone 
rock into a cave it has 
a good deal of lime- 
stone in it. and as the 
water hangs in drops 


Ironi the rool ot the cave some of it 
eyaporatc's The solid matter in solu- 
tion is then (leposited on the roof of the 
cave. Gradually there is quite a bum]) 
of this tornied and as the drops hang 
Irom the bottom of the bump more 
limestone is deposited till at last what 
was a more bump or boss becomes a 
pendant like an icicle, but made of 
rock instead of ice. 


When the drops lall on to the floor 
of the cave there, again, the water 
evaporates and the solid matter is 
left, behind. Here the same thing 
hapficns. only in the opposite direction. 
First a bump i.s formed, then tliis 
grailnally gets added to. till at last 
there is an upright pillar of rock, and 
if the dripping goes on long enough the 
pendant and the pillar w'ill eventually 
meet and form a con- 
tinuous column from 
the floor to the roof. 
There arc caves where 
such pillars are to be 
seen, while in others 
the roof is festooned 
with pendants and the 
ground covered with 
growing uprights. 

Those rocky forms 
which hang from the 
ceiling arc called 
stalactites, which 
comes from a Greek 
word, stalaktos. mean- 
ing a '* trickling ” or a 
"(Iripping.” The up- 
right deposits are called 
stalagmites, which 
come s from another 
Greek word, .stalagmos, 
also meaning '* a drip- 
ping.” 

Stalactites on Arches 

Many ol these caves 
with stalactites and 
stalagmites are very 
beautiful, and when 
lighted up look like 
fairyland. Such caves 
are to be seen in Eng- 
land and abroad. 

Sometimes little 
stalactites arc seen 
hanging like icicles 
from the roof of the 
arches of a railway 
bridge. Thev are 
formed in exactly the 
same way as those in 
the caves, the rain- 
water which trickles 
through the bridge dis- 
solving the lime matter 
in the material of the 
roadway or the arch. 

Now a very inte- 
resting thing about 
these icicles of stone is 
that they can be used 
as geological time- 
keepers. By studying 



In these pictures we see how stalactites and stalagmites are tormed Rain- 
water trickling through the limestone rock dissolves the mineral, and as the 
drops of water hang from the roof of a cave the moisture evaporates, leaving 
the mineral matter behind. Some of the drops fall to the floor and evaporate 
there, leaving a deposit ol mineral matter in that position. As through the 
centuries drop after drop falls, these deposits increase in size and become stalac- 
tites and stalagmites. The picture on the right shows a scene thousands ol 
years after that in the picture on the left. The cave has become bigger through 
more ol the limestone being dissolved, the stalactites and stalagmites have 
become longer, while the prehistoric scenery above ground has become a 
cultivated landscape and the hills have become smoothed down by weather action 
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WONDERS OF LAND AND WATER 


thorn mon of soionco iin* ablo to toll os 
how long th(* walor has boon trickling 
through 11 10 roof of tlio cavo. 

Wo know how icicl«‘s viiry in a])|»orir- 
aiico. S(jnio arc boanlifiilly smooth 
and well lormtMl, while oifiors arc 
rough. riion, again, some aro thick 
and stubby, while oIIum's mio thin and 
graceful. Tiio same thing is true of 
stalactites ancl .stalagniitcN, and it is 


by taking note of these appearances 
that the scientist can tell hf»w long the 
rocky icicle has boon growing, from its 
birth to the preseMJI day. 

VVhcMi tlio stalactites and stalagmites 
are smootli and syiniiietrical in hirm 
it is deal that the w.iler has been 
dripping at an (‘veu i*ato for a v(‘ry 
l«)ng time, ]>robribiv at tin* same rate 
as it is still found to be dripping. If, 


then, we kmiw the size and rate of the 
drip, the temperature of the cave, and 
tlie movements of the air, it is pos.siblo, 
by very careful calculations, to know 
how long the stalactites and stalagmites 
in the cave have taken to grow to their 
jirosent dimensions. Geologists tell us 
that om* big stalagmite in the Wyan* 
dot to Ciivc^ in Indiana took 30,50a 
veais to reach its ])resent statt\ 


HOW MAN IS CHANGING THE EARTH’S FACE 


E vivU since innii anivod on the 
I '.irtli In* has, bv hisai lions. been 
dniiiging the appearance of its 
sill fact*. At first llu* change w.is verv 
sliglif and veiy slow, but nowadays a 
wluilo landst ape is com])leteIy traiis- 
formi'd in a. yt^ar <n‘ two. How great 
the changf's aie can be s(*eii more 
dearly since the advent of aii craft, for 
a photograpli taken from the aii gives 
a far heltei idea of (ho general character 
of a large aiea of country Ilian any 
number of pliolographs taken at the 
lev(!l of the ground. 

'1*0 realise the Llianges wrought by 
mail in the pln sit .d a|)p(‘<ir 
ance of the Marth we have 
no need to gt» beyond the 
contiiies of ICiigl.md, "i’w’o 
thousand years ago almost 
the whole island of Hritain 
was one big forest, and conhl 
it liavt* lieen viewed from 
the air, it would have hail 
very iniiLfi the a])pearanc(‘ 
of the Amazon forest today. 

'I'hcre would Jiave been seen 
miles and miles of thick 
foliage, with scarcely any 
dear spact*s .save where the 
rivers wended their way to 
the sea. 

ICveii these rivers W'ould 
not have appeared as the 
silver w'liidiiig riblions that 
they look to day when .seen 
from a height. Man has been 
largidy resjionsiblc for coii- 
I'niing Ihein closely within 
well-defined hanks. Mi? has 
dredged the channels and 
built embaiikinents so that, 
exce})t at rare ^leriods of 
unusually heavy rainfall, 
the waters do not trespass 
on the land, but make their 
way to the sea within their 
a]>i)ointed limits. 

lint when the liomans 
first came to Britain, a river like the 
'riiaiiies did not run in this orderly 
manner between its banks. Us course* 
became a swamp, especially in the lower 
half of its length. There were marslics 
everv'^where, and the river constantly 
overflowed and flooded large areas. 

The Thames.*’ says Mr. G. K. Stirling 
Taylor, an authority on historic London, 
“ w'as merely the main W'at orbed of a 
marshy swamp, which covered a large 
part of what is now solid South London 


and made Westminster (or rather, would 
have made il, il it had been there) a 
little i.sland. and (‘liiTsea a mere peak ot 
land running into the water ; while on 
the east sidt* the I\i\er Lea with its 
marslu’s repealed tin* ])ictiir(*.** 

Ill short, adds Mr. 'Favlor, London 
was in those days of the Koman iii- 
\‘asioTi a low headland t>ii the northern 
sidir of the Thames marshes ; which be- 
came London mainly because it was the 
highest and safest ]>lot of land witlnii a 
reasonable distance of Hie first fordable 
place, \Vestmiiisl(‘r, 011 the natural 
liighwav of till* Thames. 


The highway remains, but how^ the 
country along its banks has changed ! 
A vast city con.sisting of continuous 
streets of buildings now^ stretches lor 
many miles in all directions ; other 
cities and towns stand along the banks, 
and the wjuntry adjoining, instead of 
being covered by fore.st. is laid out in 
w'elJ-ordi*red cultivated fields. 

What is true of the Tliaines valley is 
true also of most other parts of the 
country. In the north of Kngland 


luindreds of sijiiare miles have become 
iiuiiistnal areas covered with mines, and 
towns, and factories, and tall chimneys 
lH*lchiiig out volume.s of black smoke, 
making what was once a l>cautiful rural 
area into a dingy black country with 
little to recommend it to the artistic e\ <*. 

And this kind of thing is going on 
in nearly every country of tlie world 
and at an ever increasing rab-. Lands 
that a centurv or more ago wen* almost 
uiiinliabiti'd. with wild, uiitilled land- 
scape. are now thickly po]Hilated and 
liave cities with hiintlreds of Ihoiisaiids, 
and sometimes millions, of inhabitants, 
while instead ot lorcst 01 
bush or desert country lhi‘re 
arc now i ultivaled and 
irrigated regions producing 
rich crops. We tind this in 
Aiislralia and New Zealand, 
in North and South America, 
and in some }»arts of Africa, 
as well as in Laslern Asia. 

Think of the ijiiiet, svlvaii 
scene two or three h 11 ml red 
years ago in the dislrii;ls 
now covcTi'd by New Voik 
and Chicago and Detroit, 
and I -os Angeles and JMiila- 
(h'lphia, and sSydiiey and 
Melbourne, and Buenob Aires 
and Kio dc Janeiro, and 
(tla.sgow and Birniiiigham. 
and i.ciiingrad. to Tiicntion 
only a few. Of course, 
Greater Loudon .still remains 
the biggest city in tlie world 
with more than eight million 
inliaf)itant.s living in houses 
in practically continuous 
streets. 

Man changes the face of 
the I'-arth by all sorts of 
means. In addition to build- 
ing cities and cultivating the 
soil, he changes the course 
of rivers, putting some 
of them underground like 
the waterways of London, the Meet 
River or Hole Bourn, and so on; ho 
drains or fills up Rwatnp.s and lakes, he 
makes new lakes, as when he dams up .a 
river to form a reservoir for a town’s 
water supply or for the generation of 
hydro-electric power ; he checks the 
erosion of the sea, and by removing 
forests he changes the climate. 

In the Netherlands thousands of 
acres liave been won from the seabed 
by building dykes. 



This diagram shows the amazing growth of London through the 
centuries. In the past hundred years the great city has increased its 
area fifty times more than it did in the previous two centuries. A 
hundred years ago the whole of the country shown in the picture, 
except the small central part, was a rural district. Now it is covered 
with streets and houses 
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THE WAY IN WHICH THE DEW IS FORMED 

D kw as cvorybofly knows, consists The C!X|icriments carried out by a Idades, but lowi-retl it into the fjround. 
of siinall drops of water w'hich GimbridKC scientist were very interest- replacing the turf in the tin 'I’he next 
pither on leaves, the blades of iiig, and arc shown in form on Tuornin^' when he examined the plac i: 

grass the threads of spiders’ webs, and this page. First of all he inverted a tin he found tliat tlu; grass all round the 
iiidoed on most objects that are out in over certain blades of gniss, letting the tin w;is covered with dewdrojis, while 
the ojwn at night. J he <lrops arc con- tin into the ground to shield these that in the tin had no dew whatever, 
densed from \yater vapour, but up to blades from tlie atmosphere. In the On this occasion the nifiisture had 
recent times it has not been known morning he found that the gntss all risen from the ground and liad been 
oeinnlely how the dew was formed, round tlie tin was covered with dro])s precipitated as drops of water on the 
that IS, the source of the vapour from of dew, but when he raisc^d the tin the blades of grass, l^ut where Iht* m<>i stun* 
which tlie dewdrops condensed grass underneath had no dew vvliatevtT eould not rise liecause f)f the intervcii- 



In the left-hand picture the tin, .shown in section, was inverted over the grass as evening fell, and the next morning dew was found on 
the grass all round, as shown on the right, but when the tin was removed there was no dew on the grass under the tin. This showed 
that the dew was precipitated from the air and the grass under the tin was dry because the moist air could not get to it 



In this experiment the tin was let into the ground, the grass being replaced in the tin as shown on the left. The next morning 
there was dew on the grass all round, but no dew on the grass that had the tin under it. In this case it was clear that the dew was not 
precipitated from the air, but was caused by moisture rising from the soil. No moisture could rise where the tin acted as a barrier 


Poets used to write about the dew upon it. It was clear therefore tha.t in tion of thti tin the grass thus protected 
** falling,” but dew doc.s not fall like this case the dew had been derived had no dew whatever, 

rain. The vapour all round the grass from the moisture in tlie atmosphere. The experiments described read re- 
and leaves suddenly becomes chilled, that it had not "risen from the markably likes the story in the Book of 

and, as a result, condenses into drops ground," as msuiy people .suppo.se the Judges, of Gideon and the fleece which he 

of water. It was suppo.sed for a long dew alw'ays does. laid out at night. On one nigiit the fleece 

time that all this moisture came from On another night the scientist carrieii w*us covered with dew hut not the sur- 
the atmosphere, but recent experiments out a second experiment. This times he rounding ground, while on the next night 

have shown that this is not the case. did not invert the tin over the grass the ground was dewy hut not the deece. 
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HOW RADAR DRAWS PICTURES OF ECHOES 
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/Is <Ap ro/rtrv vnUmn teivilves, radar impulses from the 
transmitter are broadcast from the aerial />. t he impulses 
strike any object in their path amt are reflected hack to be 
received on the aerial K. The reflected impulses are then 
eU'ctricallv converted into a point of lifihi whiih appears on 
tilt' screen .*1 {shoirn entarj^ed above). The screen has a scale 
so that the distance and heinht of the object can he measured 
in miles. The screen in this picture has picked up the aircraft 
( I and < 'z and also the aeroplane li, which is almost m'erhead. 


The full story of radar is told elsewhere in this work. The picture diagram above shows one of the many applications of this wonderful 
invention ; finding the number and the position of aircraft flying over a civil aerodrome 



Wonders oF Animal ^Plant Life 




SEAWEEDS THAT ARE GOOD FOR FOOD 

There are all kinds of free foods that grow wild in the English countryside. Some are the berries of ftower- 
ing plants, like the blackberry, bilberry, wild strawberry, and so on. Then there are leaves which make 
excellent salads, such as those of the dandelion and succory. Many funguses, too, are edible, but few people 
know that there are a number of seaweeds found round the British coasts which make good eating 


W HEN wc stand on the beach and dark brown, and has a very delicate cun be boiled and eaten. The oil, 
see various kinds of seaweeds flavour, llic green laver. sometimes which its seed vessels and ciir vessels 
w^Lshed up on the shore or called sea spinach, also makes an ex< contain, is said to be highly beneficial 
growing round the pier and groynes, ccllent vegetable, but is less delicate to people siifTering from rheumatism, 
wc rarely think of these as food. Yet in flavour. This turns olive green The long, brown laminaria, known 
then; are several kinds of .sctaweeds when boiled. Both should be cooked to children by such names £is sea- 
found round the coasts of Great Britain for several hours, and served with girdles, Venus’s girdles, tangle, ladies' 
and Ireland which form excellent foods, butter, pepper, lemon-juice or vinegar, riblxnis, and donkeys* tails, provides 
Chief among these is the Irish or and they must be eaten hot. a wholesome food, the young leaves and 

carrageen moss, which varies in colour A relation of the purple laver, and stems being l>oiled as a vegetable, 

from brownish piiryde to yellowish green. very similar to it, is the Porphyra There are two species of brown fucus. 
Boiled in water and .strained it produces lacinata, which has no popular name, one being known as the bladderwrack 

an excellent jelly, which can be boiled Tt can be cooked in the same way. and the other as the scTrated fucus. 

up again with milk, spice, sugar and Another cdilde seaweed which is 'I'hese are boiled and eaten as vege- 
lemon-f)eel. It is also used to make much eaten in Ireland and Scotland is tables, and the oil they contain is of 
blancmanges. Large quantities of it are the purple dulse, or dillesk. This must benefit to delicate people, 
gathered along the Irish and Scottish Ix' washed thoroughly in fresh water, and It must be remembered that the 
coasts, dried in the sun and then sent to dried in the sun, when it can 1x5 eaten agar-agar or Japanese isinglass, which 

x'arioiis parts of the country for sale. raw, or boiled in milk, with rye meal. is lx>ught in the grocerrs’ shops for 

There are two kinds of edible laver, The olive-coloured alaria, which has making jellies, and is also used in 
the purple laver and the green laver. the popular names of badderlocks and giving a good consistency to jam. is 

The first of these, when boiled, becomes murlins. is also a useful plant which only a dried seaweed. 



Here are some of the familiar seaweeds of our British coasts which form excellent foods when cooked. They are: (i) Bladderwrack 
<Fucu8 nodosus); (a) Green laver (Ulva latissima) ; (3) Carrageen or Irish moss (Chondrus crispus} ; (4) Dulse (Rhodymenia palmata) ; 
15) Porphyra lacinato; ( 6 ) Serrated fucus (Fucus serratus); (7) Purple laver (Porphyra vulgaris); (8) Venus's girdles (Laminaria 
, digitata) ; (9) Badderlocks or murlins (Alaria esculenta) ; (10) Fucus canaliculatus 

341 




A FOUR- TON RELATION OF TH 


■T> T\ir^ 



w ''' i . , »!W' 

jiippopotAmiis is a tiAAr relAt* f 



THE WONDERFUL STORY OF THE COCONUT 

One of the most remarkable plants in the world is the cocpnut palm. Its life is a great romance from 
beginning to end, and in these pages we read the story of how It resists its enemies, protects its young, and 
performs many useful services for mankind. At one time the only interest the civilis^ countries of Europe 
had in the coconut was to use it for cock-shies and to eat the rather indigestible nut. It was, of course, a 
favourite with boys and girls. But now it is one of the most important articles of commerce, and more 
than 26 million hundredweights of coconut oil and dried kernels are used in Industry every year, and 
hundreds of thousands of people are engaged in manufactures in which the coconut is used In some form 


A IX. boys and girls arc fond of coco- 
nut. It is the biggest of all tho 
nuts, so that wc can cut and 
come agaiti, and it is, on account of its 
use in the coconut -shy at the fair, for 
ever associated witli merriment and 
jollity. 

Hut apart from tho pleasure it gives 
us, the co(',onut is indeed a very 
wonderful fruit. It grows on a tall 
palm and is found in tropical countries 
round the seaslioro. ‘Jiie name was 
given to it by the I^ortiigue.se because, 
with the three marks or eyo-s]WJts at 
the end, it looked something like a 
monkey's face, and " coco ” is the 
Portuguese word for a hugbc'ar or 
distorted mask. 

A Universal Provider 

The ciKonnt palm often grows over 
a hundred feel high, and has at the 
to]) a crown of large fi‘atlier-like leaves 
twenty feet long. The flowers are 
white, and the niil.s wlu'ii they form 
are in liuge bunches ol from twelve to 
twenty. 

It is doubtful if any other plant in 
the world is useful to man in so many 
ways. A ('liinese proverb declares that 
there are as many useful properties in 
the* e oconiit ]>alni as there are days in 
the year, and the I\>lynesians have a 
saying that ihe man who plants a c(Ko- 
niJl plants meat and drink, hearth and 
homo, ves.sels and clothing for himself 
and his children after him. 

Indeed, llie coconut palm is a 
universal ]7rovider, and not only the 
untutored savage and the natives of 



How coconuts grow on the tops of palms 


the laiuts where it grows benefit by it, 
but the people of civilised lands make 
use of the coconut every day of the 
year. 

In hot countric‘S the .solid white part 
of tlu* nut gives food to thousands of 
people, w'hile tlie milk, or liquid inside 
the shell, provides them with drink. It 



The inside of a coconut as it grows 


has been pointed out that the cocomil 
really acts as a filter to the water of 
malarious regions, for the roots a.bsorl> 
polluted liquid and purify it before 
passing it on to the nut. 

The flower stalk yields a swec*t juice 
w'liich is boiled down to produce a 
useful sugar. Or the juice can be 
fermented to produce a spirit known 
as toddy or arrack. By squeezing the 
dry nut w'e get coconut oil, which is 
an excellent substitute for lard in the 
frying-pan, and for butter on the 
tropical breakfast table 

Candles, Soap, and Margarine 

Tho kernel of the coconut is broken 
into small pieces and then dried in tlie 
sun. This substance is the w'ell-kuown 
copra, which is the. principal export 
from many tropical lands. Vast quan- 
tities of it are imported into civilised 
countries, and from the oil which it 
yields are made candles, soap, aiul 
margarine. During the purincalion 
process glycerine is obtained. J'-rom 
500 gallons of copra 25 gallons of coco- 
nut oil arc prwiiiced. 

But the outside or husk is also most 
useful. The fibre surrounding the nut 
yields coir, which is made into ropes or 
woven into matting and duorniiits. 
Brushes and brooms are also made from 
it, and it provides an excellent stuffing 
for cushions. In tropical countries the 


hard shell is cut in half to provide two 
iis(dul cups. 

The leaves of the coconut palm are 
used for thatching, while the leaf-stalks 
c'Oiistitutc excellent rafters or posts for 
fencing. The fibrous sheath at the 
bas(* of the leaf is a natural cloth, and 
is employed for clothing, for native 
hats, and for strainers. The limber 
of the tree is a good cabinet-maker's 
material, 'fhe Hat plates of the h?avcs 
yield the writing material on which 
many of the Buddhist manuscripts are 
inscribed. 

These are only a few of the uses to 
which the wonderful eocoiiut is put for 
the benefit of man. Its wonder, how- 
ever, is not confined to its many uses. 
When we examine the nut and know 
its life- story, we marvel more than 
ever. 

Providing Against Accident 

In the first place, it grows so high 
up that if it were an ordinary nut, 
wlien it fell ninety or a hundred feet on 
to w'hat Is often hard ground, it would 
crack and be ruined. The coconut, 
howt‘ver, has provided against such an 
accident. Outside the hard shell there 
is a mass of liusk which acts as a spring, 
and breaks the fall when it lands on the 
ground. 

The coconut has many parts ; first 
an outer skin, then a fibrous covering, 
next a hard woody shell : then there is 
the nutty portion which we eat, and 
finally the liquid or milk wdth the 
single s(M*d or embryo from which a new 
coconut palm may eventually grow. 

How (lid the milk get into tlie nut ? 
Let us look a little farther into its 
history. 'Fhe coconut is so appetising 
that it has many ('iiemies wluj would 



Collecting coconut husks in British Guiana 
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WONDERS OF ANIMAL AND PLANT UFB 


like to cat it. These are found not 
only among the human kind, but also 
among the monkeys and a species of 
crab that climbs trees. The nut. there- 
fore, if it is to survive and produce a 
new tree, must take great care of itself. 
We have seen that it protectvS its shell 
from getting cracked 
by a cushion -like cover- f 
ing of fibre ; but if the 
shell is so hard how is , 
the young plant, when 
it sprouts, U) get out ot 
the shell ? How indeed 
is it to start sprouting, 
seeing tJiat no watei 
can get in ? 

Three Brown Pits 


If we look at the 
narrow end of a coco- 
nut we notice three 
little brown pits on the 
surfaa^ Two of tliesii 
are stopped up by quite 
hard material, but the 
third one has a very 
thin covering which can 
be easily bored through 
with a pocket knife. 
Boys often do this to 
let out the milk Indore 
cracking the shell. 

Now if we examine a 
coconut we shall find 
that opposite to this 
soft hole inside there is 
a small knob buried in 
the eatable part of the 
coconut. That knob is 
the embryo, or seedling 
palm, for whose benefit 
and protection the nut 
exists. The hole with 
the soft covering is not 
really to let out the 
milk, but to let out 
the seedling. 

The Milk In the Nut 

Now, as the seed 
cannot get water from 
outside, the nut has 
had to provide a good 
supply inside, and that 
Ls the real reason for 
the milk lacing in the 
coconut. As already 
explained, the water is 
taken in throiigti the 
rcK)ts, travels lip the 
trunk, and after lieing 
filtered, is deposited 
inside the nut. 


liquid and these are the future roots 
of the tree. 

But as the little plant grows the 
spongy mass inside the nut begins to 
absorb all the nutty part, which we 
find so appetising, and uses its store of 
oils and starches to feed the young 


tection for their seeds {produce very 
many seeds, so that one in a hundred 
or a thousand may survive. 

In earlier days the coconut must 
have contained three .seeds or kernels, 
but as the protection was improved it 
was not necessary to produce so many, 
and so two of the 
seeds were dispensed 
w it h and more attention 
was given to providing 
for the one remaining. 
Indeed, it has been said 
that tlie coconut has 
the largest and most 
' richly stored seed of 

any known plant. 

V One Favoured Child 


fn this behaviour the 
coconut is doing what 
many human beings 
do to-day. Instead of 
liaving large families 
and leaving the children 
more or less to shift 
for Ihc'inselvos, they 
have only one child, 
who is given the very 
Ix'St of education and 
attent ion. 

As the two eye-spots 
where the other seeds 
used to find their outlet 
are not required, the 
coconut has grown hard 
coverings over these, 
which makes it less 
easy for enemies to 
find a way into the 
coconut. 




The kind of tree the coconut grows on. A group of coconut palms in Ellice 
Islands with a native dimbing up to gather the nuts 


Emigrant Offspring 

Another interesting 
thing, however, about 
the coconut, Ls that 
while it is so big as it 
hangs upon the tree, it 
is very light, and when 
it falls, as it often dws, 
on to the beach and is 
washed into the sea, it 
does not sink, but floats 
and is often carried 
away to start its life 
like an emigrant in 
some new land over- 
seas. That is why many 
isolated cxiral islands 
are covered with coco 
nut palms, the only 
plant growing on their 
lonely area. The coco» 
nuts floated across from 


The liard nutty part of the coconut 
which we eat is really deposited on the 
inside of t he shell by the milk. Directly 
the sectl l^egins to sprout the little 
knob, at first so small, begins to swell, 
absorbing the liquid till it eventually 
Ix^comes a big, spongy mass which fills 
up the whole of the inside of the shell. 
At the same time a little sprout pushes 
its way out of the soft hole and pro- 
duces a bud, the future stem and leaves 
of a aiamnt palm. Inside, a number 
of long threads absorb the water of the 


plant until it is old enough to open its 
leaves to the sunshine, and send its 
roots into the ground to obtain its own 
nourishment. 

We may ask why there should be 
three eye-holes at the end of the coco- 
nut, seinng that only one is required. 
Well, at one time the coconut palm 
did not know so well how to protect its 
stKid, and like many other plants, used 
to produce a number of se^s so that, 
at any rate, one might survive. 
Plants which provide little or no pro- 


other lands and then sprouted and grew. 

When it is full-giown and bearing 
fruit, a healthy palm will produce 120 
coconuts every season, and a small 
clump of trees is therefore sufficient to 
maintain a family in comfort. 

Let us all remember what we our- 
selves owe to the coconut when we 
wash our hands with soap, when we 
put glycerine on our chapped skin, 
or when we eat the margarine spread 
on our bread in place of butter by 
some frugal boarding-house landlady. 
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THE LIFE STORY OF A GREAT PEST 



}Larm spinning emerging from pupaa^ 

in crevice ^ blossom petals faflKT^ 


The worm-holes we often see in apples are caused by the codlin moth lanra, which is the most destructive of all apple pests. The greyish- 
brown moth flies at dusk, and by day rests on the bark of the tree. When the apple blossom is turning into frutt the female moth 
lays from 6o to 75 eggs on the embryo fruits. About ten days later the eggs hatch out, and each young grub burrows into the fruit 
As the fruit grows the grub feeds on the apple round the core, and later leaves the fruit by a fresh tunnel. The larva now spins a cocoon 
and spends the winter in crevices of the bark. Then when the apple tree blossoms it changes into a pupa, and later becomes a moth 
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HOW THE VOICE-BOX HELPS 


B kkathing is one ol the most im- 
portant things that our bodies 
do regularly. If wc did not 
change the air in our lungs by alter- 
nately breathing in oxygen and breath- 
ing out earbon-flioxide, we should not 
live very long. 

Hreathing also helps oiir sense of 
smell, for it is as the breath is takc^n in 
through the nosij that particles of mat- 
ter are also taken in and affect certain 


another, and make our wi.shes known. 
VVe know how diDicult this is if we have 
ever watched two deaf mutes talking 
to one another on their hands. 

It is tlie upper part of the windpipe, 
known as the larynx, which is the 
voice-box, helping us to produce sounds. 
Inside the larynx is a delicate .skin 
connected with the lining of the wind- 
pipe, and at one place this forms two 
Haps, one on (‘ach side. The.sc can be 


us TO SPEAK 

When boys are about fourteen years 
of age, the larynx suddenly increases 
in size, and the vocal cords lengthen. 
It is this change in their throats which 
causes the vcuce to break. It is a great 
mistake to sing much when the change 
is going on, as the larynx may be per- 
manently spoilt through overwork in 
its delicate condition. 

(rood speaking and singing depend 
upon* the size and shaf)e of the open- 



The position of the throat and mouth when different vowels are being pronounced 


nerves, giving the sensation of smell 
Again, 1)reathing helps our hearing, 
for on each side of the head is a little 
tube called the Eustachian Tube, con- 
necting the ear with the pharynx, and 
it is by means of breathing that this 
tube is able to keep the air under the 
eardrum at the right pressure, 

Hut after the supply of oxygen to 
our lungs, perliaps the most important 
fiiiictiun of bn%'ithing is the ]iroductioti 
of voi('e and speech It is b^’ drawing 
in and passing out air that we are able 
to make .sounds and talk to one another. 
Without voice and speech it would be 
exceedingly diflicult for us to share our 
thoughts and knowledge v.Mth one 


brought together so as to leave only a 
narrow chink, for the purpose of voice 
making, or they can be separated, 
leaving a wider o])eiiing for the passing 
of air when we are not speaking. 

'rile flaps are called vocal cords, and 
not only can their ^wsition bo changed, 
but they can be stretched light or left 
loose. When they are clo.se togidher 
with only a small chink between them 
the pa.ssagc of the air through the 
opening caii.ses them to vibrate, and 
this sets up sound-waves, which pass 
through our lips. The pitch of the voice 
ilepends upon the tightness witli which 
tlio vocal cords are stretched. When 
thev are kept very tight the note is Iiigli. 


ings ol tlie mouth and pharynx. To a 
large extent these are under our own 
lontrol, and so wc can be taught in 
most cases to speak and sing well. 
Iwen deaf mutes who cannot hear a 
sound can now be taught to u.se their 
mouths and throats so as to speak. 

It is the alteration of the shape of the 
mouth wdiich makes the dilTerent vowel 
sounds, and we can see in the picture 
how the mouth changes when different 
vowels are being sounded, ('onsonant 
sounds are formed by using the lips 
and the tongue. 11 is an interesting 
exercise to .say the letters of the alpha- 
bet very slowly and feel how the 
mouth, li]>s and tongue change. 


THE WAY IN 

W uivN we use a sponge in the 
bath we rarely realise tint 
we are using the skeleton 
of an animal, or rather ol a 
eolonv of animals The sponge 
of our toilet us the horny skeleton 
made by a ininiber of little 
animals that live in the sea, 
although perhaps it looks more 
like a plant, and iiKhHxl many 
people seem to think that the 
spongi; i.s a plant. 

The hath sponge consists ol a 
roinplicatf'd network of homy 
fibres and their eompositioii. 
chemists toll us. closely 
resemhlf^s that of the silk of the 
silkworm. 

Of course, the sponge, as wo u.se 
it, is the dead skeleton, but wfuui 
it JS growing in the .sea the 
animals occupy its openings and 


WHICH A LIVING SPONGE TAKES A MEAL 



A magnified piece ot sponge, showing how the sea water is drawn in 
through small opening.s and thrown out through a large opening. 
During its passage minute animals and plants are seized and digested 


chanihers inuch in the same way 
us human beings cK'ciipy’a block 
of fiats or a large liotel. 

The spongt! animals gather 
their food from the sea, and they 
obtain it by drawing water in 
through small pores and ejecting 
it after the fluid has passed 
through their interior canals by 
the larger 0])eiiiugs which we see 
in our .s]>onges. As the water 
goes through the horny skeleton 
or home the food is seized by the 
living animals. 

The f(X)d consists of very 
minute plants and animals, and 
these are seized and digest^ by 
the cells of the sponge, which arc 
furnished w*ith cilia, or very fine 
liairlike vibrating organs. The 
word '' cilia is a Latin word 
meaning ** eyelashes.** 
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Marvels oFChemistrt&Physics 



A QUEER TfflNG ABOUT BOILING WATER 

If you went to La Paz, the capital of Bolivia, which stands over two miles above the level of the sea, you would 
not find it easy to cook potatoes by boiling them. They might be over a fire for hours, but the water would not 
get hot enough to cook them properly. What is the explanation of this curious fact? Well, it is the strange 
behaviour of water when it is boiled high up in the mountains, as is described on this page. 


7lV 


W HEN scientists speak of the boil 
ing point of water Itiey mean 
that water will boil at sc'a level 
when it reaches a tcnipcraturo of too 
degrees Ontigrade ; and sea level is 
dofined as that condition of the atmo- 
sphere when the haronietor is standing 
at wliat is average pressure, that is, .icj-o 
inches, lii other words, the l)oiling point 
of water is i oo degn'os Centrigradt* at sea 
level with the barometer at jq-q inches. 

Tliere are two scales for measuring 
teniperaturc, tlie h'ahrenheit and the 
Centigrade, Mosi domestic thermo- 
meters are marked in the h'ahrenheit 
scale, but for accurate scientific work the 
C-'cMiligrade scale is used, as in this 
article. It is a simple mailer to convert 
one scale to another. Thus, a reading in 
degrees C!cntigrad(' is converted to de- 
grees b'ahreniieit by multi- 
plying the C'cnligrade read- 
ing by p, dividing by 5 and ^ 
adding 32 to the result ; for 
example, 100 degre<*s Centi- 
grade is e<]ual to 2 1 2 tlegn*es 
FahnMihcit. Degrees I'ahren- 
heit are conxerted to de- 
grees (‘ontigrade by sub- 
tracting 32 from the Fahren- 
heit reading, multiplying 
by 5 and dividing by g. 


Pressure and Heat 

But whatever the scale 
listed, the? boiling point of 
w^ater i.s governed by the 
barometer reading, and will 
always bo Tex'* degr<?es Centi- 
grade* at a barometer pres- 
sure of 2()*<) inches. On the 
other hand, the barometer 
reading varies wMtli the air 
pressure, and as air pressure 
becomes loss as wc rise 
above sea level, it follows 
that the l>oiling point of 
water falls the greater the 
height alxTve sea level. 

Why is such stress laid on 
sea level ? The true reason 
is that the higher we go the 
shorter is the column of air 
above us, and therefore the 
less its pressure. This must 
be clear to everyone, for 
while at the bottom of the 
atmosphere we are pressed 
down by all the air above 
us; at a height of, say, a 
thousand feet, we arc pressed 


by only the air above that level, and so 
on. The air gets thinner and thinner as 
wc go higher up. and though it is Ixv 
lieved to extend fT»r some hundreds of 
miles alwA’c the Earth’s surface, one 
half i>f its weight lies within a little 
more than 3J miles of sea level. 

At the top of Mount Everest nearly 
lliree-quariers of the atmosphere’s 
weight lies below' that level. Obviously, 
then, as we go up a mountciin the ]>re.s- 
siire gets less and le.ss and water l>oils 
at a lower and k»wer temperature. At 
the top of Mount Snowdon, for example, 
which i.s about 3.5(10 feet high, wc could 
Ixiil our kettle at just under 97 degrees 
Centigrade. On Mont Blanc the water 
would boil at about 84 degrees Onti- 
grade. At the top of Mount Everest, the 
highest mountain in the world, w'hich is 




MotttBkme 



Water boils at a lower temperature the higher we go, as we can 
see in this picture diagram of the boiling point of water at various 
heights. This means that boiling water is much hotter at sea level 
than it is high up on a tall mountain 


20,002 feet high, water would boil at 
71 dtJgrees Centigrade. This means 
that at these high levels water, when it 
boils, is much le.ss hot than it is in the 
low'laiids, and it is therefore much more 
difficult to cook by boiling at a high 
altitude. 

At La Paz, for example, in Flolivia, 
which lies nearly 12,000 feet above sea 
level, the boiling point of water is about 
00 d(*grees Centigrade, and it is very 
ditlicult indeed to cot>k potatoes there, 
the h(‘at i>f the boiling- water being 
hardly sufficient for the puipo.se. 

Now all this is very interesting, but 
how does tlic f|uestion of water boiling 
at different temperatures according to 
the pressure of the atmosphere, ahect 
us in our own homes ? Although wc 
probably never think of it, the failing 
point of w'ater in our kitchen 
. • • -.s is constantly changing with 

changes in the reading of the 
barometer. A difference of 
one inch above or below the 
standard reading, which is 
2«ry inches, raises or lowers 
the. boiling point by 0*5 of a 
degrt?e Centigrade, and so 
the housewife when she boils 
the potatoes hnds it more 
difficult to cook them if the 
Ixiromcter Ls low. 


Watching the Barometer 

For instance, at or near 
sea level, with the barometer 
reading 29 inches, the tem- 
perature of boiling water is 
only alHJut 99*5 degrees 
Centigrade, or half a degree 
ctxiler than when the baro- 
meter is at the standard 
reading of 29‘9 inches. On 
the other hand, if the baro- 
meter reads 30-8 inches, as it 
often does, the temperature 
of Ixiiling water Ls about 
100*5 degrees Ontigrade. 

Of course, in boiling 
food a degree or two does not 
matter very much, but in 
carrying out elaborate ex- 
jieriments scientists have to 
take into consideration the 
pressure of the atmosphere 
at any given time. 

Although water boils only 
at high temperatures, 
evaporation is going on at 
all times. 
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WHAT HAPPENS WHEN WE SESfG A SONG 



Have you ever wondered what happens exactly when you sing a song ? If you have a good singing voice it all seems so simple. You 
read the music and then by singing the correct note^ produce the tune. But actually all kinds of wonderful things take place in your 
brain and body when you are singing, and this picture-diagram will help us to undersUnd the various processes. First of all, rays of light 
from the notes and words of the music pass to your eye, enter through the pupil and, striking on the retina or curtain at the back, send a 
niessage to the lower eye centre of the brain. This is where the form of the note is recognised. From there a message is carried to the 
higher eye centre, which realises what the note means and a message is passed on to the association centre and then to the motor 
centre, which in its turn sends a message to the diaphragm telling it to work, to the larynx to move the vocal cords, and to the lips and 
tongue to get into the right position to produce the words and notes. The sounds set up waves in the air which enter the ear and strike 
on the drum, sending a message to the lower ear centre, where the sounds are heard. From there the message goes to the higher ear 
centre, which has to do with recognising tone and pitch and volume of sound. From there the message passes to the association centre 
where what is seen on the music book and what is heard and the instructions to diaphragm, larynx, tongue and lips are all linked 
harmoniously together. We must always remember that it is not the eye that sees or the ear that hears, but the mind of man 
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A LIGHT OF 160,000,000 CANDLE-POWER 



Searchlights are used by ships to light up difficult channels when navigating at night, but until the development of radar their principal 
use was in warfare to illuminate enemy aircraft so that artillery could sight them at night. The light is obtained by striking an electric 
arc between two carbon rods, and the light is reflected outwards by a parabolic mirror set in the back of the searchlight barrel. The 
largest searchlights, as in the above photograph, project a beam of light equal to 160,000,000 candle-power, visible from a distance of 
150 miles. Searchlights projecting a vertical beam into the sky are sometimes used as marker beacons at airports 
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EXPERIMENTS WITH A LIGHTED CANDLE 


T hi;ri 2 are many intercslin;; experi* 
int'uts wt*. can carry out with a 
lighted candle, and from which 
we can learn a great deal of science 
Michael Faraday, the brilliant dis- 
coverer, once lectured on the candle at 
the Koyal Institution, and he puldished 
a book on the chemical history of a 


How we can blow a flame towards us 

candle We are therefore lol lowing in 
good steps when we try to learn sonic 
science from a lighted candle. 

A very interesting and amusing 
experiment is that of putting out a 
candle by blowing through a funnel on 
the flame We can use either the 
ordinary tin or almiiininin funnel that 
is found in most kitchens, or we can 
make a iunncl for ourselves by rolling 
up a sheet of fairly stiff paper into a 
cornet and cutting off tlic point to 
make a mouthpiece, pinning the piiper 
together to prevent it from unrolling. 

We ask a friend if he can put out 
the candle by blowing through the 
funnel, and of course he says “ Yes." 
We hand him the funnel, and in ninety- 
nine cases out of a hundred he will hold 
t'le funnel as shown in the first picture, 
putting the wide part to the candle 



The way to hold a funnel when blowing 
out a candle-flame 

dame and blowing through the spout. 

But instead ot the candle flame being 
extinguished a strange thing happens. 
The llarne turns in tin; direction of the 
funnel, that is, the flame is blown to- 
wards the blower. Th<i explaTUition is 
shown in the picture, where the arrows 
represent the air as it is bkiwii and the 
•direction it takes. 


When we blow through the spout the 
air passes along the smooth, slanting 
sides of the funnel and gex^s round the 
flame, and air from outside passes 
towards tlie funnel to fill up the middle 
space. As it goes it directs the flame 
towards the funnel. 

W’c can, however, put out the flame 
by blowing through the funnel if we do 
it in the manner shown in the second 
picture. We blow into the wide part 
of the funnel, and the air is Ihen 
directed and concentrated so as to pass 
through the spout and out upon the 
flame. 

Another interesting cx]>eriment in 
which the; air plays a part can be per- 
formed with a candle and a lamp glass 
W'e stand a piece of candle in the middle 
of a sauc er of water and light it. We 
then placx; over it an ordinary lamp 
glass, and Indore very long the candle 
Ix'gins to burn low and, if the glass is 
left in ])ositioii, the flame goes out. 

The reason for this is that the gas. 
oxygen, is necessary for combustion, 
and this oxygen is contained in the air. 
When the glass is put over the candle 


How a candle goes out for lack of oxygen 
and liow the supply can be kept up 

all the oxygen inside is soon used up, 
as it combines with other substances 
diii'ing the combustion, and then the 
Ciindlo cannot burn When the flame 
is burning low, before it goes c^ut, we 
can immediately rc'vivc it in a curiems 
ami iiitercjsting way 

We cut a T-shaped piece ot stout 
cardboard and place this in the top of 
the lamp glass, exactly midway in the 
opening, as shown in the picture. The 
flame at once begins to bum up again, 
liecause the lamp glass Ixung now 
divided, the heated and used up air 
lasses up one side and cool fresh air 
rorii outside enters by the other 
opening and dc.sceiicls to the candle. 
'I'he flame thus obtains a continued 
supply of oxygen and so can go on 
burning as though the glass were not 
over it. That the currents of air in the 
glass are in different directions on the 
two sides can be proved by holding a 
lightcxl taper at the top. In one case 
tlu; taper's flame goes up and in the 
other case down. 

Here is another good experiment 
which is quite easily performed. When 
a caudle is burning steadily wc can get 


a very striking effect by sprinkling 
slowly from our fingers on to the flame 
some lycopodium powder. This can be 
obtained at most cliemists. 

As the tiny grains of powder, which 
are really the spores of a fungus, come 
into the heat of the flame, they are 
burnt up, and we get ati effect some- 



A miniature lightning or firework effect 


thing like miniature flashes of light- 
ning, or the letting of! of a firework. 

When magnesium powiler is used 
instead of the lycopcxliiim jiowder the 
effect is still more brilliant and striking. 

All interesting experiment in reflec- 
tion can be carried out with a couple of 
candles and a pane of glass j>lared 
vertically between them. Each candle 
must bo at exactly the same distance 
from the gla.ss, one on one side and the 
other on the other. 

We get in front of one of the candles 
and look into the gl.iss in such a way 
that the reflected image of this candle 
exactly coincides with the actual caudle 
on the other side of ttic glass. Of 
counsc, the two caudles must be of the 
same height. We can soon, with a 
little adjustment, get the effect desired. 

We then light the candle tliat is 



An interesting experiment in producing a 
ghost flame 


nearer to us, and at once it appears as if 
the candle behind the glass had also 
been lighted. 

Of course, what happens is this : the 
reflection of the flame of the candle 
which wc lighted is seen in the glass, 
and as it exactly coincides with the top 
of the unlightcu caudle, it appears like 
the flame of that candle. 




aiii 
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HOW ARTICLES ARE ELECTRO-PLATED 



This picture shows how the process of electro-plating articles is carried out. In a large trough made of a non-conducting substance 
like earthenware is placed a weak solution of cyanide of silver, and in it are hung plates of silver, suspended from positive electrodes, 
connected with an electric supply. The articles to be plated are hung in the solution from another rod, which is the negative electrode. 
A dynamo is set working and the current passes to the electrodes, being regulated by a resistance board and checl^ by a voltmeter. 
Silver from the solution is deposited evenly on the articles, while other silver from the plates is dissolved in the liquid, this keeping 
pace with the deposition of silver. The current is made stronger or weaker according to the length of resistance which it passes through 
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A QUEEN MEETS A ROBBER IN THE WOOD 





After the battle of Hexham, Queen Margaret was a fugitive, and while fleeing through a forest with her little son she suddenly met an 
armed man of gigantic stature and stem aspect. The Queen told her story and, taking the little Prince of Wales by the hand, presented 
him, and said : ** Here, my friend, save the son of your King." The roan, who looked like an outlaw, was really a Lancastrian gentleman 
who had lost all in the Red Rose cause, and was hiding in the forest. He took the Queen and Prince to his den and supplied them with 
food and such comforts as were available. For two days the Queen remained in hi£ng, and then, after other thrilling adventures, she 
escaped to Scotland. This flne picture is from the painting by W. Christian Symons 
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THE STORY OF THE TWO ROSES 

Everyone knows the Wars of the Roses by name, but many people are quite unaware of the causes that led to 
these wars, and of what happened in England while they were going on. Civil war is always a tragedy, and 
the Wars of the Roses were particularly so. The old chivalry of the Middle Ages disappeared, and men 
became cruel and selfish, caring for nothing except their own interests. Here we read the story of these wars 

and how they affected the whole life of the country 


C IVIL war is always a terrible thing 
for a country, but there are 
times when a nation is divided 
on some question of principle, and both 
sides feel it right to hght fur their 
cause. Such a civil war was that 
which took i>lace in England in the 
time of Charles 1. but which did little? 
damage in the country Jis a whole. 

But there has b(‘cti one civil war in 
the history of England which devas- 
tated the country, which resulted in 
terrible blor)dshed and the destruction 
of many valuable lives, but m which no 
question t)f principle was involved It 
was a war in which the people them- 
selves had no interest, but men had to 
tight and slay one another simply 
bec.nisi* the noliles, who then con 
trolled the country, hated one 
another aiul were all struggling | 
t<i g('t the upper hand { 

This stiuggle, known to us as 
*’ the Wars of the Koses," lasted 
for thirty years, and although 
the waste of life and treasure 
was nothing but mad folly, and 
in the end neither side really 
triumphed over the other, the re- 
sults of the war were st iipendous 

The Nobles In Power 

It changed the whole charactei 
of English life, .'Uid it marks a 
definite epoch in English history. 

Jiefore the Wars of the Hoses 
the great nobles were almost as 
powerful as the king ; they had 
armies of their own, and did very 
much as they liked. The lives of 
the common iHjople were abso- 
lutely in their keeping. Men had 
to work for their lords and fight 
for their lords, whetlior they 
liked it or not And although a 
really strong and ]X>werful king 
like Edward 1 1 1 or Henry V could 
keep control by playing off one 
powerful noble against another, 
yet he was very far from being _ 
able to do as he liked 
The Wars of the K oses changed 
all that. During those terrible 
thirty years a dozen fierce 
battles were fought, and cither in battle 
or by treacherv most of the powerful 
nobles were killed off by one another, 
so that at the end of the Wars of the 
Hoses the King of England was left 
more powerful than he had ever been 
in history before. So great was the 
change that we usually say that the 
end of the Wars of the Roses was the 
beginning of Modern History. 


When the powerful Henry V died 
he left a prince to succeed him, but 
the little Henry VI wiis only nine 
months old. Obviously he could not 
rule, and so the govcrumeiit fell into 
the hands of his uncles, the late king's 
brothers. One of these, the Duke of 
Bedford, became Regent of France, 
most of which then belonged to ICng- 
laiid : but the other, Humphrey, Duke 
of Gloucester, was a turbulent, ambi- 
tious and selfish prince, and unfortun- 
ately he had Iwien appointed, by 
Henry V, Regent of h-nglanfl 

There was another very }K>werful and 
rich man, the iiiiole of Henry V, known 
as C'anlinal ik;aufort, and he and tlie 
Duke of Gloucester were continually 
quarrelling and striving for the mastery 



The scene in the Temple Gardens when the Yorkist and 
Lancastrian chiefs picked white and red roses as their 
badges. From the painting by John Pettie 


in the early years of Henry VFs 
reign the English began to lose their 
conquests in France. It was the time 
when Joan of Arc did such marvellous 
exploits, and although she was after- 
wards captured and burnt at the stake, 
her work lasted. Never again did the 
English become masters of France. 

If wc want to get a vivid picture 
of the time.s of Henry VI aud the Wars 


of the Rostts, we should read the three 
parts of Shakespeare's play, ** King 
Henry the Sixth.” But we must not 
accept the facts from Shakespeare, for 
like many other playwrights, he used 
to alter his tacts to suit his audience. 
The false and coarse description of the 
brave Joan, who is called La Pucelle, 
is a blot on the playwright's character. 
Not only so, but Henry Vi’s queen. 
Margaret, is shindcred iii this play, for 
wliatever her faults, siic was a woman of 
outsliuiding character, fearless, and of 
iron will. 

The civil wiir came to be known as 
the Wars of the Kose.s, iiecause the 
emblem of one party was a red rose 
and that of the other party a white* 
rose There is an old story that {>owertul 
members of Ixith parties met one 

day in the Temple Gardens in 

London, and during a quarrel 
selected the roses as their em- 
blems. The story is probably 
not tnie, but it is very inter- 
estingly put by Shakespeare. 

Plucking the Roses 

He makes one noble say: 

Lot him tliat is a truc*-lx>ni Konllenian, 
Ami stands uikhi the honour oi his 

birth. 

If he suppose that I have ploadorl 

truth, 

Prom off this brier pluck a white rcise 
with me. 

to which the reply of a rival 
noble is : 

Let him that is no coward nor no 

flatteror, 

But dare maintain the party of the 
truth, 

Pluck a red rose from off this thorn 
wiih me. 

The roses were the emblems 
of two branches of the ' Royal 
Family, the Red Rose repre- 
senting the House of Lancaster, 
and the White Rose represent- 
ing the House of York 
ist and Henry IV, the son ot the 
5 their powerful John of Gaunt, Duke 

of I^ancaster was. of course, a 
usurper, but there was some 
justification for his usurpation, for 
owing to the misrule of Richard U, the 
Black Prince's son, some change of 
government was undoubtedly neces- 
sary The next king, Henry iV's brave 
son, Henry V, dazzled the people of 
England by his victories abroad and by 
the time of Henry VI the people of 
England had quite settled down to the 
rule of the House of Lancaster 
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ROMANCE OF BRITISH HISTORY 


When, however, Henry VI came ol 
age and proved to be not" a strong man 
of the same tyj>e as his fjilhcT and 
grandfather, but a gentle soul, more 
suited for tlie monastery or the stuily 
than the throne, aml)itioiis rivals saw 
a chance of seizing power, 

Kichard, Duke of York, was like 
Henry himself, a Plantagenet, for he 
was descended from Lionel, Duke of 
Clarence, the second son of Edward 111 . 
John of («aunt had been the tourti) 
son, and so the Duke of York coii- 
sulered that he had an even better right 
to the throne than Henry VI llis 
family was known as the House of 
York, and it was they who had the 
^Vhit(^ Hose for their emblem 

All this may seem a little dry, but it 
is necessary if we are to understand bow 
thiTc came to ho rival factions in ICng- 
laiid liotli sides were supported by 
pcjwertui nobles, all of whom hoped to 
get wealth and power if only their side 
could get the upper hand. 

Ill the terrible Wars of the Utises 
Hemy was only a feeble*ininded 
pupjH't. In fact, at several periods in 
the conflict he lost his reason altogether. 
‘I'here were, however, two outstanding 
characters without whom tJu‘ Wars of 
the Roses would probably have ended 
very much sooner 

A Lion Cub for a Bridal Gift 

On the King’s side there was his 
young wife, Margaret of Anjou, who 
iiad been married to him before she 
was tiffeeii years old. As a bridal gift 
she was presented, not with a lap-dog, 
as was often th<j custom in that day, 
but with a fioii cub It was a gift 
that seemed almost symbolic of what 
the character of the Queen wjis to be. 

She was really a very wonderlul 
woman, but her wisdom was not etpial 
to her wdJ. and she always seemeil to 
have a knack o( selecting the wrong 
fieople to advise her, or to carry out 
her orders. Such inni delermination, 
however, as slu; show<*d has not often 
been seen in history. 

Again and again, w'hen the cause of 
the House of l/iiicaster seemed irre- 
trievably lost aiul all the Laiiciustnan 
nobles despaired, Margaret, by sheer 
will-power, would raise a fr(\sh army 
and sometimes herself appear in the 
held. Of course, it was bad for the 
coiiiitiy. but we cannot but admire her 
marvellous rleterniinatiori and energy 

On the other side, fighting for the 
House of York, was the I Carl of 
Warwick, a man who has come down 
ill history under the name of Warwick 
the Kingmaker.” It was really 
through his efforts that the House of 
York for a time triumphed over the 
House of Lancaster, so that its chief 
became King as Edward IV. Hut in 
the end Warwick changed sides, and 
for a lime put Henry VI bcOck on the 
throne. It is for this reason that he 
was given the title of the Kingmaker. 

From the first coming of Margaret 
the English court became a centre of 
intrigue, rival nobles plotting against 
one another and against the Queen, 


and the Queen seeking to defeat licr 
enemies. 

The powerful Duke ot Gloucester 
was put in pri.son, where he soon died. 
Of course, in those days when anyone 
died in prison the pt^rson who put him 
there was nccu.sed of his murder 
This happened in the case of the Duke 
of Gloucc.ster, and his death was 
believed to have Ixien ordered by his 
enemies, Cardinal Heautort and another 
friend of Margaret's, the Duke of 
Suffolk, the Queen herscilf also being 
suspecled 

Execution on the High Seas 

The Duke ot York had been sent to 
govern Ireland, so as to be out of the 
way. but his relatives, the Earl of 
Salisbury and the powerful iCarl of 
Warwick, then arrested the Duke* of 
Suffolk. Ho would probably have 
been executed at once, but the (Jiieen 
persuaded the King to banish hiin’ and 
the Duke sot sail in vt‘.ssid for Franci* 

He was much hatecl, and 2.000 
Loiidoner.s tried to intercept him on his 
discharge from the Tower Hut he 



The beheading of the Duke of Suffolk on a 
boat in the English Channel 

mmiagiMl to escape to Ipswich, from 
which port ho sailed for Calais. 

When the ship was some way out 
at sea several other lioats were seen 
approaching. One of these came along- 
side and ordered the Duke of Suffolk 
to come on board. As he went on to 
the ship he was greeted with the words, 
” Welcome, traitor ! ” Then the 
sailors conducted a mock trial, con- 
domiied him to death, and his head 
was chopiiod off and the liody left on 
Dover sands. 

London In the Hands of Rebels 

Things were going from bad to worst! 
tor England. She lost every inch of 
territory in France except the town of 
Calais, "and in England the men of 
Kent rose in reliellion, placing at their 
head an Irishman named jack C'ade, 
who professed to bo Mortimer, Earl of 
March. He led 20,000 men to Hlack- 
ticath very much as Wat Tyler had done 
seventy years liefore. But while 
Tyler's rebellion was a struggle of the 
people for social and pcrsomil freedom, 
that of Cade was a struggle for political 


freedom and the right to vote without 
interference 

Cade marched into Ixindon, where, 
striking the micient monument known 
as Ixmdoii Stone with his sword, he 
cried : ” Now is Mortimer lord of this 
citjr ! ” 

The rebellion ran its course very 
much as 'fylcr’s had done. At first 
the rebels behaved decently, then they 
began killing unpopular persons, and 
everilually started plundering and 
pillaging. I 3 y false promises they were 
jSersuacled to tlisj^erse, and Ccicle was 
then pursued and put to death. Shake- 
.speare givtis us in the second part of 

King Henry the Sixth ” a lively ac- 
count of the doings of Cade and his 
followers in London. 

It would be tedious to follow the 
course of the Wars of the Rfises battle 
by battle, lorsl one side won and 
then the other, but through it all 
powerful nobles were losing llieir lives 
find thoiisaiuls of Ics.se^r peo])le were 
sJiedding their blood for a cause lor 
which they cared nothing 

The first battle was fought at St. 
Albaus, when the Yorkists won. 
Henry’s favourite, the Duke of Somer- 
set, was killed, and the King himself 
was wounii<*d in the nt‘<;k with an arrow 
early in the fight. Man after man was 
killed, till at last the King was left 
alone under the Royal banner. 

Madness In a Royal Brain 

Then he walked away and went into 
a baker's shop rk)se by, and tberc the 
Duke of York, tlie victor, visited him 
and, bending his knee, pretended to be 
loyal and bade Henry ” Rejoice, lor 
the traitor Somerset is slain.” Henry 
leplied : ” For God’s sake stop the 

slaughter of my subjects.” 

The I)uk<3 of York then tix>k the 
W'ounded King by the liand and led 
him first to the shrine of St Alban, in 
the Abbey, fuui then to his apartments. 
'ITie next day he carried him off to 
Westminster. 

Margaret had remained at (irofiiwicli 
with her ladies and her infant son. 
When this son had been born on St 
Edward's TJay. in 1452, he had been 
nauKid Edward, after the Confessor, 
and created iVince of Wales, His 
father, the King, however, was insiuie 
at the time, and fifteen montlis passed 
before he was able to take the least 
notice of his sou. 

The King’s wound at the battle of 
St. Albans had been dangerous, and 
his insanity returned. So while the 
Duke of York and his party ruled the 
State, the King's person was handed 
over to the custody of his wife. Mar- 
garet was told to withdraw to the castle 
of Hertford, with the King and the 
infant lYince of Wales. She did so, 
and remained in seclusion for two 
years, when, the King havhig been 
restored to health, suddenly appeared 
in Parliament, taking every one by 
surprise, declared hiniself well enough 
to resume authority, and the Duke of 
York had to give way with the best 
grace that he could. 
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ROMANCE OF BRITISH HISTORY 


The new Duke ol Somerset was placed 
in power, but a^ain the Kinj; lost his 
health. When he recovered two years 
later he went to Loudon and invited 
the Duke of York and his party to a 
great Reconciliation Banquet, with a 
religious service following at St. Raul’s 
('athedral. It was a great gesture of 
peace, and much was hoped from it. 
In the procession to the cathedral 
everyone walked with an t.'nemy, the 
Queen taking the arm of thc‘ Duke of 
S^irk, and all vowing eternal friendship 
at llie altar. 

'Hie jx'ace had lasted less than a 
year when a quarrel among sonu^ 
■?ervants of the rival nobles set the wlu)le 
.roiiflict blazing once more. 

Ol all wars civil wars arc the most 
terrible, and they seem to make men 
and evtrn women more and more cruel 
iis time goes on. Margaret, like all the 
great nobles, iM^came very <’ruel and 
vindictive. 

Brutal Deeds of CIvU War 

111 a great battle at Northampton 
the l^iiciustriaiis wtire defeated and 
King Henry himself was captured. 
Margaret fled to Harlech Castle in 
Wales, and later, having gathered a 
fresh army, she met the Yorkists at 
Wakefield and defeated them. The 
Duke, of V'ork hini.self was 
slain, and his life-less lx>dy, 
crowned in derision with* a 
]»aper crown, was presented 
to Margaret. 

She laughed and .said, 

“ l^it the traitors' heads on 
York gate, and take care 
that rtiom be left between 
the heads of York and Salis- 
bury for those of the Haris 
of March and Warwick, 
which I intend shall keep 
them company." 

One brutal deed resulting 
from this battle was done 
when the ruthless TajhI 
Clitlord, returning from the 
pursuit of the Yorkists, met 
the young Earl of Rutland, 
son of the Duke of York, on 
W’akefield Bridge, lie was 
but a youth, and had gone 
with his tutor to see the 
battle. When Clifford rode 
up the young Earl fell on 
his knees and implored 
mercy by holding up his hands. " S])are 
him," said the tutor, " he is a prince’s 
son, and may hereafter do you good." 

" York’s son I " exclaimed Clifford, 
eyeing the boy savagely, *' by God's 
blood, thy fatlicr slew mine, and so 
will I tliee cind all thy kin." Then he 
plunged his dagger into the boy's hefirt 
and said to the tutor, " (ki Ixsar to his 
mother and his brother tidings of what 
you have heard and seen." England 
w.*is indeetl a terrible place to live in 
during those days. 

'riie triumph of the House of I-an- 
castc?r was short-lived. Several battles 
followed, in which Margaret's forces 
were defeated, and Edward, son of the 
dead Duke of York, was prcKlainied 


King as Edward IV. Margaret and hei 
son had to flee when her forces wvrv 
routed at Hexham, and w4th a small 
party she escaped into Hexham Forest. 

She had some oJ the Crown Jewels 
with her, and had not travelled far when 
her party was overtaken by a gang oi 
roblx'i’S, who plundered Ihe'm of every- 
thing of value. The bandits dragged the 
Qucien with violent threats before tlieir 
leader, held a drawn sword ready to 
cut her down, and threatened her wdth 
all sorts of indignities. She threw her- 
self on her knees with chispcd hands, 
weeping and begging for mercy. 

A Queen’s Adventures in the Forest 

What would have hapfx^ned we do 
not know, but at this point the robbers 
themstdves bi^gan to quarrel about the 
spoil, and while they were fighting 
Margaret with her son managed to 
esca|)e farther into the forest. 

Such ] daces at that time were in- 
fested with desperadoes, and we are 
told that Margaret was in frightful 
peril and fancied every tree she saw 
was a man with a naked sword in his 
hand. Neither she nor her boy had 
ta.sted f(XKi for twenty-four houi*s, 
and while they were wandering, not 
knowing at this time whether the King 
was alive or dead, they suddenly saw 


before them, by the light ot the moon, 
an armed man of gigantic stature ancl 
•Stern aspect, advancing towards them 
with threatening gestures. 

A Friend In Meed 

At first Margaret thought he was one 
of the gang of ruflians which hud 
roblied her, but she diil not lose 
courage. She called the mmi and told 
him her story, taking the little Prince 
by tlie hand and presenting him to the 
outlaw with these words ; " Here, my 
friend, save the son of your King." 

It turned out that ttie man was a 
l.KUicastriaii gentleman who had lost 
all ill the Red Rose cause, and had long 
been hiding in the forest. He led the 


Queen and Prince to his den, w'hcre his 
wife funiLshed the fugitives with food 
.iiid gave them such com torts ;is were 
available. For two days the Queen 
remained in hiding, and then escaped to 
Scotland. 

Afterwards she went across to Bur- 
gundy. where the Duke, w'hoin she had 
once threatened to hang if he fell into 
her power, treated her well. 'I'hen 
Warwick the Kingmaker, having Ixien 
slighted by Edward IV, went across 
and saw her. and offered to fight lor 
her cause. 

He retunicd to England, gathered an 
army, and defeated Edward IV, who 
had to flee.- Henry VI, who had been 
kept a prisoner in the Tower, was 
released, but again the victory was 
short-lived. Two other battles were 
fought, one at Barnet, at which the 
Kingmaker was slain, and one at 
Tewkesbury, where the Lanca.strian 
cau.se was finally lo.st. Henry VI, 
Margaret and the Young Prince of 
Wales were capturerl. 

The Red Rose Crushed 

W'hen the brave young I*rince was 
brought into the presence of Edward 
IV that monarch asked, " What brought 
thee to EngUmd, and how durst thou 
enter into this our realm with banner 
di-sDlayed ? " 

To recover my lather's 
rights," answered the heir 
of ].«uicastcr, and then he 
added fearlessly, though not 
wisely, " How darest thou, 
who art his subject, so pre- 
sumptuously display thy 
colours against thy liege 
lord ? " 

Edward was furious and 
savagely struck the un- 
armed Prince in the mouth 
with his gauntlet. There- 
ufxin it is said the Dukes of 
Clarence and »Glouce.ster 
rushed upon the youth 
with their swords and slew 
him. 

Henry was taken to the 
Tower of Ixmdon. where a 
day or two later he died or 
else, i>erhaps was murdered. 
Margaret was also placed 
ill the Tower, and kept a 
close prisoner, but later she 
was ransomed bv King 
Lx)uis XI of France, and returned to that 
country, where she remained till her 
death. It was certainly true in the days 
of the Wars of the Roses that " uneasy 
lies the head that wears a crown." 

But from the Wars emerged .a 
new England. The old indejwndcnt 
nobility was destroyed and a new 
nobility arose, dependent for its 
creation and existence on the King. 
Tlie Church became weakened and was 
unable to resist the Crown, w'hilc, on 
the other hand, the commercial cUisses 
iind the towns steadily increased in 
K)wer and influence. The people, who 
lad tasted the full horrors of civil war, 
were glad to have a strong king to 
preserve peace. 



Jack Cade, the rebel, ordering Lord Saye and Sele to be beheaded as 
described by Shakespeare in King Henry the Sixth, part 2. From 
the painting Charles Lucy 
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THREE THINGS THAT PROVE THE EARTH IS CURVED 



This pictore shows an experiment which has been carried out by scientists on several occasions. It is one of the proofs that the Earth's 
surface is curved. Three posts are placed in line along a calm stretch of water, such as a canal, each post being exactly the same height 
above the surface of the water, then a sight is taken along the posts, looking from the first one to the third. The middle post always 
appears higher than the others, because the Earth’s surface is curved. If the tops of the first and second posts are seen in line, then 
the third post appears lower for the same reason. Sometimes instead of the posts being fixed in the canal bed they are placed on floats 



Here is another proof that the Earth's surface is curved. The horizon on an open plain or at sea always appears as a circle, and the 
higher we are from the ground at sea-ievel the wider in diameter does this circle become. For example, when we are six feet above sea- 
level the horizon is three miles away. If we go to the top of a hill of say, 96 feet, we can see twelve miles, and so on. This could not 

possibly happen unless the world on which we live had a spherical surface 



The most familiar proof that the Earth's surface is curved is that of the ships that disappear below the horizon. First the hull goes, 
then the funnels and masts, and finally the smoke. This would not be the case if the Earth's surface were flat, for then the bulkier parts 
of the ship would remain in view longest, the hull being seen long after the masts had disappeared. It is interesting to stand bn the 
beach and watch the hull of a ship disappear below the horizon, and then to go to the top of the cliff, when we can again see the hull. 

Of ships coming to shore we see first the smoke, then the masts, then the funnels, and finally the hulls 
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HOW WE KNOW THE EARTH IS ROUND 

Most of US take it for granted that the Earth is round in shape, like a ball or orange. But how do we know 
this ? Perhaps the best evidence is that the shadow cast by the Earth on the Moon is always circular, but 
there are many other proofs that the Earth's surface is curved, and it is by putting all the various evidences 
together that men have discovered that the Earth is spherical in shape 


I T is not surprising that the men of 
olden times thought the Karth was 
Hat. It certainly has the appear- 
ance of being so. In any Hat district we 
see the Eartii spread round us as a Hat 
disc stretching aw^ay in tOll directions 
to a circular rim. Every day thi^ Sun 
rises over the eastern edge and passing 
across the arch of the sky vanishes 
below the edge on the other side, and 


like.” or not quite a sphere, while 
” oblate *' means *' Hattened at the 
poles.” 

So the Earth is really shaped some- 
thing like an orange, and it is also like 
an orange in another way. Its surface 
is not smooth like that of a glass ball, 
but rough like that of an orange, 
though in proportion to its size the 
roughness of the Earth is much less 


we shall sec the ship once again, 
because bfuttg higher up we can see 
farther round the Earth's curved 
surface. 

It is the same when ships are coming 
from the sea to land. A sailor going to 
the top of the mast sees from that 
position land or other ships invisible to 
those on deck. An old sea song mentions 
this in the lines ; 


even if we climb up a hill we gel the 
samf‘ ap]:H'arance. 

l!p to rather more than 2,000 years 
ago. tlu^refore, men regarded the ICarth 
as a great plain broken only by hills 
and nioimtains and bounded by the sea. 

The Dawn of a New Idea 

Hut rather more than 500 ytuirs 
lief ore Christ certain Greek philoso- 
pliers began to get a true idea of the 
real form of tlie Earth. Some of them 
noticed that in Irdvelling north <»r 
south new groups of stars came into 
sight over the hori/on, and they then 
fore came to the conclusion that the 
Earth's surface could not Ixj 
Hat but mu.st lie coiiv'ex or 
rounded, o1herwi.s<' this could 
not happen. 

Then that great ]ihilosopher 
Aiistolle, who was te.'uhing 
alxait the middle of the fourth 
century noticed tliiit the 

Earth's shadow, falling on the 
Mtxin during an eclipse, was 
curved, and from this he argued 
that the I'.arth must be a 
spheric, or ball. 

Still later, somcwdiere about 
the beginning of the Christian 
lira, another thing Avas noticed, 
and this was that when ships 
went out to sea the lower 
part of the ship disappeared before the 
upper part, as though the vessel were 
travelling round a curved surface. It 
is perhaps curious that this proof of 
the curving of the Earth’s surfac*.e wtus 
not noticed even earlier. l*erhaps it 
may have been, although there is no 
very early record. 

Our Earth Resembles an Orange 


than the roughness of an orange. 

Proving that the World Is Round 

Now let us see the variou.s reasons 
for Iwlieving that the Earth is round. 
.\Tiy bo}' or girl at the seaside can carry 
out the simple experiment of watching 
a shiji going farther and farther out to 
sea. Jf the Earth were Hat the more 
sh'Tider parts, such as the masts and 
funnels, w'ould disap^icar first from 





One evidence that the Earth is like a ball 
in shape is the fact that a ship can start 
out and sail right round the world, return- 
ing to the same spot, travelling all the time 
roughly in the same direction 


The sailor sighs as sinks his native shore, 
And climbs the mast to feast Jiis eyes 
once more. 

Another reason for supposing that 
the Earth is round is that a ship starting 
off from any port and keeping its prow 
turned constantly in the same general 
direction will, after a long voyage, 
return to tlie ]>lacc from which it 
started. 

The Horizon is Always a Circle 

'J'hen the fact that the sunrise takes 
place later or earlier as w^c travel west 
or cast is a proof that the E'arlirs sur- 
face is not Hat, for if it wore .so the Sun 
would rise at the same time at all 
places on the Earth. 

'I'here is also the fact that 
from wherever w'cj stand the 
liori/.on at sc?a or on an 0 ]kmi 
plain is always a circle, and tlie 
higher we go up from the, 
ground the greater docs the 
circle become. When our eyes 
arc five feet alxivc the lev<‘l of 
the sea the horizon is about 
three miles distant. It varies a 
little according to the. state of 
the atmosphere, which allocts 
the rays of light. 

An airman going up to a 
height of i3,o(X> feet would .still 
see a circular horizon, and the area cov- 
ered by his vision would lx; about equal 
to that part of our island wTiich includes 
the wdjole of England and W’alcs. 

An Experiment with Three Posts 

There is an experiment wdiich men of 
science have carried out which proves 
clearly in another way that the Earth’s 
surface is curved, and how much it is 


l^Tom that lime to this otlier proofs 
have been found that the Earth is not 
a Ha.t surface but is curved, and by 
putting the various proofs together we 
find that it is not only curved, but that 
it is practically a big ball. Careful 
measurements have sliown, however, 
that it is not exactly a sphere, but what 
is known as an oblate spheroid. 
" Spheroid " simply means “ sphere- 


view, and the more .solid and massive 
part — ^the hull — ^would be seen last. 
Hut the rover.se is the truth. First the 
hull sinks below the horizon, then the 
funnels, then the masts, .and then the 
smoke. 

If we are w«atching a ship from the 
lx3ach and see it disappear in this way, 
if we hurry up on to the top of the cliff 


curved. They place three posts in a 
line along a level stretch of water such 
as a canal or calm lake, fixing the posts 
just one mile ap.art and with e.vactly 
the same length of stake alx)ve the 
water in each case. When they kx>k 
with a telescope from the top of the 
first post to the top of the last post, the 
top of the middle post appears above 
the line of sight between the others. 
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WONDERS OF LAND AND WATER 


When the posts are a 
mile apart the top of the 
middle post is eij'ht inches 
above tiio line of sight Ihj- 
tween the otliers, showing 
that the water's surface is 
curved to the extent of 
eight inches in a mile. In 
two miles the curvature is 
32 inches, and in three 
miles 72 inches. 

As a matter of fact, in 
digging railway cuttings 
and canals the engineers 
always make an allow^ance 
of eight inches per mile? for 
the dip due t«) the curva- 
ture of the Earth's surface. 

These facts that have 
t)een given all prf>ve that 
the Earth's surface is 
curved, but they do not 
prove that the hlarth is a 
ball or sphere. It might lx; 
shaped like a cylinder or a 
Rugby fcKitball, (>r a pear or 
an egg, and still give these 
results. 

Aristotle's reasoning, 
however, shows that the 
Earth is a sphere or nearly 
so, for when it comes be- 
tween the Sun and the 
M(K)n and its shadow is 



being derived from the 
Greek word zeteo, which 
means to search or ex- 
amine. But, of course, the 
discovery of the Earth's 
true spherical shape has 
been arrived at entirely by 
zetetic methods, that is by 
testing and examination. 

Not so many years ago 
an illustrated book was 
published with diagrams 
.showing that the North 
l\)lc was the centre of a 
flat, circular Earth, the 
southern regions being the 
circumference. The writer 
declared. ** that the south is 
an immense ring or glacial 
Ixuindary is evident from 
the fact that within the 
Antarctic Circle the most 
experienced, scientific, and 
daring navigators have 
failed in their attempts to 
sail in a direct manner 
completely round it." 

Of course, later explorii- 
tion proved this to iw noii- 
sen.se, and the more we 
know of the Earth the 
more \vc arc convinced that 
it is sha}.)ed like an orange. 

But, of course, it is iin- 


thrown upon the Mtx>n, no 
matter what {xisiticjn the ^ 

Earth may l>e in, the “hotograpl 
shadow cast is always that f * 

which would be cast by a « 

sphere. 

We may carry our reasoning still 
further and .say that seeing that the 
other members of the Solar System arc 
spheres or almost spheres, it is pretty cer- 
tain that the ]C«'irlh is of a similar sha|x:. 



The sliadow cast by the Earth in an eclipse 
of the Moon is always circular, no matter 
what position the Earth may be in 


Photograph showing the curvature of the Earth. It was taken from 
a rocket at an altitude of 100 miles. Distance from the curved 
horizon at top of picture to bottom of picture is about 900 miles. 

Dark patch below horizon is the Gulf of California 

fling still Another prtKif of the round shape* of The cur 
that the the ICarth is provided by the (xisition indicated 
ysteiri arc of the .stars overhead at different a \ 2 ns'ki 
jretty cer- places. If the surface of the Earth were U.S.A., to 
hir sha|x:. flat the ^Kisition of any particular star photograj; 

such as the I\)le Star would be the siime shows an 

from whatever place it was viewed, as stpiare mi 

the stans are so distant that to travel 

lu)ri/on tally for many thousands of 
miles w'ouid make not the slightest 
difference in their apparent ixisitions. 

But as we travel northwards the 
altitude of the Pole Star gets greater 
and greater until at the North Pole it 
is overhead, while if wc go in the 
opposite dircjction it gets lc.ss and less 
until at the Equator it appears on the 
horizon. The difference is 90 degrc‘es, 
and it is clear, therefore, that a traveller 
passing from the North Pole to the 
Equator would have travelled through 
a quarter of a circle, for a circle is 
divided into 360 dogrec.s. This is a 
pnxjf that the Earth is convex in a 
north .and south direction. 

It seems strange that at this dfite 
there should still be some people in 
civilis(*d countries who refus«j to believe 
that the h'arth is a sphere and maintain 
that it is a flat surface. They are very 
strong in their opinions, and have 
an eclipse publishixl books on the subject. Owing to 1 

no matter ^ Th(;y call this kind of teaching we travel : 

be in Z<'tetic Astronomy, the word zetetic coni 


portant not to pretend that 
certain prix>fs of its curva- 
aken from ture arc pr<X)fs of its spheri- 
the curved gi^ape. The Earth could 
900 miles, our\^ed yet not be shaped 
like a ball. 

The curvature of the Earth was clearlv 
indicated on a jfliotograph taken from 
a V2 HM'ket launched from New' Mexico, 
U.S.A., to an altitude of 100 miles. 'J'he 
photograph, reproduced on this page, 
shows an area of more than 2oo,cx)o 
sfpiare miles of land and w'ater. 



Owing to the Earth’s spherical shape, as 
we travel round its surface fresh stars are 
constantly coming into view 
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A REGULAR SUPPLY OF HOT WATER 



in some parts of the world there are hot springs from which boiling water and steam are spurted out from time to time. These 
springs are called geysers, an Icelandic word meaning something that is violently esmlled. It is really the same word as our English 
word ** gusher." There are geysers in Iceland, New Zealand, and the Yellowstone National Park in the United States. Some geysers 
send up a column of boiling water and steam for 200 feet or more. The one shown here, which is in the Yellowstone Park, is 
named " Old Faithful," because it is so regular in its action. For years it has sent up its stream of boiling water and steam to a 
height of from X20 to xyo feet every 65 seconds, but recently it has shown a tendency to be rather less regular. It is believed that 
surface water enters the tube of the geyser and when it reaches the walls of hot rock low down it is brought to boiling-point, and 
the sudden expansion into steam forces out the water above. Other g^sers send up only a snsalt column of water everv Tew minutes 
to a height of only two or three feet, while others erupt very irregularly indeed and some have become quite extinct in living memory 
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A STRANGE APPARITION IN THE ALPS 



A strange sight is sopieUmes seen by travellers in the Alps. It has been described by Mr. Edward Whymper, who 6rst climbed the 
MaUerhorn. A mighty arch appears high m the sky, when the Sun is behind the traveller's back. The arch gradually becomes a 
circle or an ellipse with a line down the middle, and then two faint crosses appear on either side. At the time of such an appear- 
ance there IS a mist or fog, and the apparition is thrown upon the bank of fog. This appearance, which Mr. Whymper and other 
travellers call a fog bow, is not the s^c thing as we know as a fog bow in England. That is a kind of white rainbow, and is 
described in another part of this book. The Alpine phenomenon is more in the nature of the Spectre of the Brocken, in which gigantic 
images of travellers and other objects are thrown upon a bank of fog. The exact way in which these strange appearances in mountain 
regions are caused is not definitely known, but they are, of course, due to the refraction and reflection of light. This Alpine fog 
bow IS rather awe-inspiring. Mr. Whymper says : " It was a fearful and wonderful sight, impressive beyond description ” 
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Marvels oF Machinery 


THE SECRET OF THE LIFEBOAT’S SAFETY 

What would seamen do nowadays without the lifeboat? Although the lifeboat is less than 150 years old, 
over 63,000 liv^ have been saved round the British coasts alone by lifeboats of the Royal National Lifeboat 
Institution, which was not founded till March 1824. The modern motor lifeboat is very diflferent from the 
early rowing and sailing boats, and is a costly, though very efficient, machine. As fast as funds will allow 
inotor-boats are replacing the older type. Here we read something of the romantic story of the lifeboat 


T iiil litchoilt is the Siitcst craft that 
can rido the rough seas, and so 
rarely is a lifeboat upset that 
when such a disaster happens it creates 
a sensation, ajicl the newspapers 
are lull of the story. 

Why is it tliat a lifolxjat does not 
up-iet as easily as an ordinary boat ? 
W'ell, it is all due to the peculiar con- 
struction of the lifeboat. In the first 
place, it is much broader built than an 
ordinary rowuij;-l)oat; and this makes 
it lar more ditlicult to upset. We all 
know how anything with a broad base 
is much nuire stable and rnneh less 
likely to be overtunied than something 
with fi narrow base. We n^ail about 
this on Pages 33 and 34. 

Then in the secontl place, 
the liteboat is fitte<l with a 
mimlwT ot air chambiTsand 
(»ther ticvices which make 
her exci^cdingly buoyant, so 
that she rides more easily 
over the high waves, 
h'urthcr, she has a n umber 
ot sell-acting, non-return 
valves, which cnabie her to 
discharge in a few moments 
any ijuantity of water that 
may be washed into her as 
she makes lier way over 
the sea. 


The Boat that Rights Itself 

'l*he construction of the 
hteboat has been brought 
almost to ]xirfectioii in 
these days, and for a boat 
to capsize is so rare tha<^ in 
many cases she is not built 
with iuiy special idea of 
causing her to riglit herself 
should she really come to 
be capsized. 

'rhere are, however, lite- 
boats known as self- 
righters, which if they are 
turned over by some terrific 
wave will in a moment or 
two return to their proper 
lK>sition. 

'rhis is brought about by 
having air-cascs set high at 
the head and stern, which 
are capable of bearing the 
whole weight of the boat if 
she is placed in the water 
keel upiiermost. In this 
position she floats un* 
steadily on the two air-cases 
with tile keel and ballast 
above the centre of gravity. 


The consecjui'iicc is that this weight 
cannot possildy remain in such a 
position lor more than a inomi^ut or 
two, and the boat falls over on her 
side and then takes u^) her proper 
position, while any water wliich may 
have washed in escafies through the 
rclii'viug or non-rctum valves. 'I hesc 
are made of gun-metal and open down- 
wards only, so that they at once yield 
to any ])ressure of water upon them. 

Englishmen should be proud to know 
that the lifeboat owes its invention to 
three of their countrymen. Lionel 
Lukin, William Wouldhave, and Henry 
Greathead. The first lifeboat and the 
first lifeboat station ever seen in the 



The self-righting lifeboat was invented as the result of an accident. 
William Wouldhave, a house-painter of South Shields, noticed that 
a piece of broken wooden bowl in a bucket of water always righted 
itsuf when turned upside down, and he built a lifeboat on the same 
principle. His model is shown on the next page 


world were established at nanilxiiough 
Castle on the* Nortluiinbeiiand coast in 
1780, and the first LifetMWt Institution 
for saving life at sea was founded by 
an haiglishman in l''nglaiid. 

'J'hc irlea ol making a boat which 
could not be sulimerged first came 1u 
LioiK'l Lukin, a London coach V)uilder, 
who, though a laud.smau, had sea 
blood in his veins, for he was descended 
from one of Admiral Blake's captains. 

He bought a Norway yixv/l and fitted 
her with projecting gunwales of cork, 
and air compartments running from 
stem to stem inside, and two larger 
air-boxes, one at the head and the 
other at the stern. Then he gave the 
boat a heavy iron keel to 

ballast her. 'Hie bt^at was a 

great success, but Lukin's 
idea was not to establish a 
lilelxiat service round the 
coast, but to have all boats 
made so seaworlliy on the 
principle descriliecl that 
there would be no need of 
a lifeboat sc;rvice. 


The First Lifeboat 

Lukin took out a patfMit 
for his lifeboat, but nobody 
was very interested, except 
Archd(*.acoii Sharp, the vicar 
of Baniborough, who was a 
trustee for charitable funds 
left by a Bishop of Durham. 
He thought laikin's lifeboat 
such a good idea that he 
ordered one, and this in 
1786 was established at 
Baniborough. which thus 
became the first life-saving 
station in the world. That 
earliest lifeboat was tlie 
means of saving very many 
lives. 

The sccxind Englishman 
to whom we owe the life- 
Ixiat, William Wouldhave, 
was a house-painter of 
South Shields, who in his 
spare time taught singing to 
charily children and acted 
as parish clerk. He had the; 
idea of making a l>oat that 
would neither sink, nor, if 
it were capsized, remain 
upset. The latter idea was 
the result of an accident. 

He was walking in the 
country one day when a 
woman asked him to help 
her in lifting a heavy 




Imckel <»f watiT drawn from a well. On 
llio water a piece of broken wooden bowl 
was floatinf;;, and Would have absent- 
inindi^dly played witli this fraj^iiient. 
'IVj his surprise, whenever he turned it 
over It always righted itself, fand it 
came to him in a flasli here was 
tlie principle he liad 
betMi searching for. 

lie made a boat more 
or less in the form of 
the fragment of broken 
bowl, and it was a great 
success. The shape was 
practically that of a 
cjuarter of a coconut 
sliell split from end to 
end. 

The third ICnglish- 
man to wliom we owe tJic 
lifeboat. Henry (ircat- 
lu‘ad, was also a South 
Sliields man, and he was 
luckv, for while he con- 
tributed little to the 
d'^sign, but merely 
carried out the instruc- 
tions of others, he was 
granted £1,200 by the 
Parliament, a gold 
medal and fifty guineius 
by the Society of Arts, 
and a hundred guineas 
by Trinity J louse and 
Lloyds, together with 
other gifts. 

G r (* a t li e a d was a 
Ixiat -builder by trade, 
and he actually built 
many lifeboats 'I'he 
very first boat actually 
to be built as a lifelioat 
was launched in 1789 by Greathead, 
and cost jfyfi <)s. 8d. Nowadays a motor 
lifeboat may cost as much as ;£rio,ooo. 

'J'he Koyal National Lifeboat fn- 
stitution was founded in 1S24 con- 
sequent upon an appeal by Sir William 
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Hillary, of ^unmow^ ICssex. While 
living at )>ouglas in the Isle of Man, 
Hillary had been shocked by the nianj' 
terrible wrecks he had seen on the coast 
and suggested that something sh<.>uld 
lx* done to save life at sea. At that time 
there were 30 lifelM)ats round the coast 


of Hritain, all provided by local charity 
and many of them ill-equipped, badly 
maintained, and manned by untrained 
crews. 

Supported entirely hy public sub- 
scriptions and contributions from ship- 


owners, the Royal National Lifeboat 
Institution became responsible for 
building, manning and maintaining all 
civil Ufelxiats operating from the coast 
of Britain. Tliere is now a of 

154 boats, all but one of which are 
motor-dri ven,so stationed that wlierever 
a ship is in di.stress a 
lifeboat can reach it 
within an hour or so. 
Lifeboat crews and shore 
staff numlxjr alxnit 
2,000, and of the crews 
all but the motor- 
mechanics are unpaid 
volunteers. Crows are. 
however, rewarded for 
every occasion on which 
they put to sea ; officers 
receive pensions when 
tliey retire, and de- 
pendents of a lifeboal- 
nian who loses his life 
on duty arc pensioned 
as if the man had txxui 
a sailor, soldier or air- 
man killed in action. 
The Institution also 
awards gold, silver and 
bron/e medals to life- 
boatmen dLsplaying gal- 
lantry at sea. Since its 
foundation in 1824, the 
1 iistitution has saved 
nearly 80,000 lives from 
th<* sea. 

Although primariU’ 
intended for helping 
ships in distress, the 
Institution works in 
close co-operation witli 
the Air Sea Rescue 
Service of the Royal Air l''orce. 

Some '20 foreign countries now main- 
tain lifolxiat services, organised on 
the lines of the Royal National Life- 
boat Institution, but mostly operated 
by the governments concerned. 



The first lifeboat designed by Lionel Lukin» a London coachbuilder, in 1786 



Henry Greathead 's first lifeboat, which cost £76 9s. 8d 



This photograph shows the lifeboat North Foreland at sea off her station at Margate, Kent, Built by the R.N.L. 1 . in 1951, she is 46 feet 
9 inches long and 12 feet 9 inches wide, and weighs 23 | tons. Her two 40 h,p. diesel engines drive twin screws to give a ma^um 
spMd of 8i knots and she carries enough fuel to travel 230 miles at full speed. The hull is divided into nine water-tight compartments, 
and each engine is itself water-tight and can continue running if the engine room is flooded. Equipment includes radio-telephony, 
searchlight, and an oil spray for making smoother the sea round a wreck. There is a crew of 8 and accommodation for 95 passengers 
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HOW A LIFT RAISES A SHIP 65 FEET 



This apparatus at Peterborough, Ontario, is known as a lift lock, and takes the place of the ordinary type of canal lock, because here 
the difference in water level is very great. The ship at the lower level enters a big ta^ and then, by the pulling of a lever, the tank 
is raised 65 feet by means of plungers working in cylinders of water at high pressure. It is on the same principle as the hydraulic lifts of 
the Tower Bridge shown on page 365, and the hydraulic press explain^ on page X84. As soon as the tank is raised to its full height a 
watertight door is opened and the ship steams out into the canal at the higher level. For bringing ships down the process is reversed 

363 











hydraulic engine with its pistons working alternately and turning the cranks. The water under pressure returns to its original tank 
after use, passing m pipes up the towers and across the footbridge at the top. It is used over and over again in raising and lowering 
the bascules. On the right are shown the hydraulic lifts, which are now rarely used, as the bascules are raised and lowered so rapidly 
that passengers wait rather than p up and across the footbridge. Here the man in the lift pulls a hand rope, which opens a valve and 
allows water, under pressure, to drive down a plunger. A rope attached to this passes over a pulley, raising the lift; and a counter- 
balancing weight is att^hed to a roi^ passing over another pulley. When the lift is to come down the hand rope closes the valve and the 
pressure pipe, and the lift descends by its own weight, emptying the water through an exhaust pipe. Each of the two great leaves or 
biucules of the Tower Bridge is i6o feet in length, and weighs, with the counterpoise of lead and iron, 1.200 tons. The bar or trunnion on 
which each bascule turns is 21 inches in diameter. The hydraulic pressure for turning these great masses is 850 pounds to the square inch 
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A FffiRY TORNADO ON THE SUN’S SURFACE 



This wonderful photograph taken by Mr G, E. Hale shows a sun-spot on the Sun’s surface. A sun-spot is a gigantic tornado on the 
Sun in which there are vortices or whirling masses of hot metallic gases thrown up. Two of these vortices can be seen here, and on one 
the white dot represents the Earth drawn to the same proportion. Many of these sun-spots are 40,000 miles in diameter, and one of the 
largest ever known, which occurred in 1905, was big enough to swallow up forty of our worlds. Sun-.spots apj^ar darker than the 
surrounding surface because the gases as they rise become partially cooled and are therefore less bright than the adjacent parts 



Sun-spots are sources of great magnetic activity. It is believed that masses of electrons are thrown out from the sun-spots and that 
these, when they reach the Earth, cause magnetic disturbances, as indicated by unusual movements of the compass needle, and displays 
of the Aurora. Here, on the left, we see a remarkable Aurora witnessed in the Arctic, and on the right a display seen at Pans in 1869 
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A TITANIC TEMPEST ON THE SUN 

From time to time dark spots appear on the Sun*s disc. When seen through a small telescope they seem to 
be merely black patches. It is only in recent times that their true nature has become known, and they are 
now believed to be great whirling tornadoes of fire. Although they look so small to us. they are all big 
enough to swallow up the Earth many times over. Here we read something about these titanic tempests 


F or hunilrocls of years men have 
studied the Sun, tlint brilliant 

glowing disc in the heavens 

which gives us light and heat and food. 
Hut until the days of the tole.scope they 
did not find out a great deal about its 
nature. Nevertheless, with the tiaked 
eye they noticiKl that certain dark 

spots occurred from time? to time on 
the Sun's face, though wliat these eoiild 
l)e no one could say. Wh(*n the 
telescope became available it was 

].K)Ksible to study the.st? dark markings 
much more closely, and 
it was soon noticed that 
wlien mark appeared 
solar disc 

the 

to the 

plete i>assage from the 
eastern extreunity of 
the disc to the western 
.side taking about a 
fortnight. 

Galileo's Discovery , 

It wMs supposed at ' 

first that tiie.se sun- 
spots must be due to 
the passing of Mercury 
or some smaller planet , 

across the Sun’s face. 

But that great man 
(hilikx) showed that 
the s|K)ts were part of ' 

the Sun itself. This 
lieing so it was clear < 

that tht? Sun was 
body rotating on its 
about tw'cnty- 
days. 
sun-spots 

n formation 
Not much more was 
till well 

the 

ury, when it was found 
by patient examina- 
tion over many years ^ photograph of 
that the number of ® *"8® K^®“P 
spots which had 
seemed to vary by chance from year to 
yetir really occurreil in a more or less 
regular succession over periods of eleven 
years. Sometimes the Sun's disc is 
quite free of spots, while at other times 
there are many. J'^roni a minimum of 
spots the nunilKir increases for alx>ut 
four and a hall years when the maximum 
is reached, and then the number de- 
crea-ses for six and a half years till the 
minimum is reached again, after which 
there is another cycle of a similar period. 


Another disc:ovory was that the 
variations in the nuinl>er of sun'.s|x>ts 
corresjxindcd with the number of 
auroras seen in our skies and with the 
fluctuations of the magnetic needle. 
When there was a maximum of sun- 
spots on the solar disc .auroras were 
piirticularly numerous and brilliant, 
and disturbances of the magnetic 
needle were extensive. It was found, 
however, that it is not always the 
largest sun'.s|)ots that cause the 
greatest magnetic disturbances on the 


the Sun, showing a remarkable number of sun-spots, including 
of several spots together more than 70,000 miles in diameter 


Earth. We read more about the 
influence of sun-spots in this way in 
another part of this book, but here we 
must inquire what a sun-spot really is. 

As seen through the tele.scope it 
consists of a dark central part sur- 
rounded by a lighter fringe. Hut while, 
to the observer, the sun-sf)ot seems 
dark it is not really so, but only dark 
in comparison with the greater brilliance 
of the other parts of the Sun’s disc. 
Scientific in.strumeiits have shown that 


the dark part of the spot radiates 
about one hundredth of the light 
given out by the more brilliant areas 
of the Sun's surface, 'fhis means 
that the blaekest portion of a sun-spot 
is considerably brighter than the very 
dazzling light" of an acetylene lamp. 

Siin-six»ts generally tx:cur in groups, 
and only a few years ago they were 
supjxjscd to be cavities in the surface 
of the Sun. The reason for this belief 
was that as the spots passed across the 
disc and neared the edge they appeared 
as if they were saucer- 

] s h a pe d hollows with 
sloping sides. All spots, 
however, did not give 
this appearance, and 
the theory has been 
modified. It is now 
bc^lieved that the sptfls 
are at various levels, 
some really forming 
cavities in the Sun’s 
.surf.'ice, while others are 
raised up. 

The Birth of a Sun-Spot 

Some sun-spots are 
comparatively small, 
the dark part not ex- 
ceeding about 500 miles 
in widtli, but in some 
the dark part is 30,000 
miles across and the 
loss dark fringe brings 
the total diameter up 
to atM)ut 130.000 miles, 
or nearly twenty times 
the diameter of the 
Earth ; in fact, on a 
largo sun-spot the 
ICarth would appear 
merely as a tiny dot. 
'I'he comparative sizes 
of the Earth and a big 
sun-sfxit are shown in 
the picture on page 
306. Generally round 
-spots, including the dark part of a sun- 
es in diameter spot, which is known 
as the umbra (a Latin 
word meaning shade) there jire many 
small bku:k .sjiots which are often re- 
ferred to as “ Dawes’ holes.” after the 
name of their first discoverer. 

The development of a suTi-s{x>t is 
very interesting. In the noighlx>iirhootl 
of the spot there are bright streaks 
and patches which arc know'ii as 
faculac. a Latin word meaning ” UttU? 
torches.” Generally the facuUie api^ear 
first, then a number of small darx 
]>oints which increase in size and join 



WONDERS OF THE SKY 


up. Gradually the filanionts of the 
fringe or penumbra . .as it is called, form 
round the dark part or umbra. The 
whole process may take only a few 
hours or it may bike several days. 

Meanwhile other spots have generally 
been forming, and the irregular group 
iu)w stretches out esast and west, and 
gtmcrally two of the spots arc larger 
than the others, one being in front of 
the group and the other forming a 
rear-guard, as it were. Often Ihe r(»ar 
s|)ot is larger than the leader. 'J'hen 
as time gtjes on tlie small spots oft(*n 
disappear altogether, and the large 
rear spot settles down and for some 
time shows little rliangc. Frequently 
the leading spot disappears with the 
small ones. At times a large spot may 
divide up into a numlier of small ones 
with bright links or bridges joining them 
together. 

One interesting thing that has been 
revealed by the sun-spots is tha< the 
whole of the Sun’s surface does not 
rotate alx>ut its axis in the same jKJriod. 
'fhe F.quator takes about 25 days to 
make a complete circuit, whereas at 
latitude 30, which would correspontl 
on the Knrth to about the ('anary 
T.siands and Florida, the period of rota- 
tion is 27 days : at latitude 45, 
corresponding to France and Nova 



Sun-spots, showing the curious mottled 
appearance of the Sun’s surface all round. 
These granulations are sometimes called 
** rice grains ’* and sometimes willow 
leaves " by astronomical observers 


menon, and so it is. In a moment or 
two it may destroy a town, but it is as 
nothing compared with these titanic 
ficiy tempests on the Sun. 'They rage 
over an area often 150,000 .square niilcK 
in extent, and they reach a height of 
over half a million miles. In such a 
fiery storm the Earth would be destroyed 
ill a single moment. 

For some reason the gases in the 
Sun’s atmosphere expand sudflenly, 
and as happens always when a gas ex- 
pands suddenly, its temperature drops. 
It is this drop in temperature that 
causes the sun-spot to appear dark in 
comparison with the rest of the Sun’s 
surface. 

Scientists tell ns that the tempera- 
ture of a sun-spot is roughly about 
3,000 degrees Centigrade, whereas the 
the temperature of other parts of the 
Sun’s disc is from alx>ut 6,000 to 
T 0.000 degreiis Centigrade, the latter 
being the probable heat deep down in 
the hydrogen atmosphere. But, ol 
course, the temperature in the heart ol 
tlie Siin itself is much greater still. 
There we get incredible heat anti Sir 
James Jeans tells us that at the t en t re 
of the Sun the temperature is sonie- 
Ihing like million degrees. 

'Fhe snn-spols are believed to allect 
the Earth’s weather, but if this is really 



Three successive photographs of a huge sun-spot taken at Mount Wilson Observatory, California. The changing positions of the sun-spot 
in these photographs shows that the sun is rotating. In the third photograph the sun-spot has reached the Sun’s edge and is about to 

disappear from sight having travelled across the surface 


Scotia on the Earth, the rotation 
perivMi is 29 days, and that part of the 
Sun which corrcsjxiiids to our l^olar 
regions appear.s to take 35 days to go 
round completely. 'This is the same 
thing as .saying that if on the JCarth, 
Panama wont round in 24 hours 
('airo would go round in 26 hours, 
Marseilles in 2« hours, and Spitzbergen 
in 33 hours. 

But we still want to know what 
sun-spots arc. At one time it was 
siipijosed that thcjy were eruptions, 
the spots themselves l)eing .a kind of 
crater. Another idea was that the 
spots were formed not by any action 
from within the Snn itstilf, but by 
cooler matter descending from above, 
and most probably of meteoric origin. 

'Fhe idea generally held now by 
astronomers is that a sun-s|>ot is really 
a cyclone or tornado of flaming hydro- 
g(‘ii. An ordinary photograph taken 


of the Sim’s disc shows it as morc^ or 
less uniform in colour and the spots 
stand out as dark blots. But when 
a photograph is takcMi with the «aid 
of a dtdicate instrument known as a 
spectro-heliograph, it shows the Sun’s 
surface to \yo very inoitloil, and we 
really get a picture of the atmosphere 
of hyiirogeii gas which surrounds the 
Sun. 

In such a photograph the sun-spot 
apfiears as a huge maelstrom, and a 
suci'ossion of photographs of the same 
sjx)t makas very clear the vortex 
motion that is the whirling nature of 
the spot just as though it were a huge 
whirlpool of flame. .A sun-spot is 
believed to lx*, due to the sudilen expan- 
sion of solar gases resulting in a terrific 
revolving storm in which hydrogen 
from above is sucked down. 

We think of a tornado on the 
Earth’s surface as a terrific pheno- 
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so wc cannot be sure to what extent 
our w'eather is made by the spots. 
I'liey cannot diininisJi tJic heat and 
light of the Sun as received by the 
Earth to any very appreciable extent, 
for when there arc most spots th(‘y 
never cover .as much .as one thousandth 
y).art of the solar side. 

Of c.our.sc, all this knowledge about 
sun-spt)ts has only been found out by 
the infinite patience of the astronomers 
exerted ovcir a long course of years. 
For instance, Professor Schwabe of 
Dessau found that the number of spots 
varies from year to year over regular 
periods of iij years, but it took him 
many years of watching to discover this. 
It was said of him : " Twelve years he 
spent to stitisfy himself, six more to 
satisfy, and still thirteen more to’ con- 
vince. mankind, an instance of devoted 
persistence unsurpassed in the annals 
of astronomy.” 






